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SUBSTITUTED PEPTIDYLAMINE CALCIUM 
CHANNEL BLOCKERS 



FIELD OF THE INVENTION 

The present invention relates to compounds that act to block calcium 
channels; methods of using the compounds to treat stroke, cerebral ischemia, pain, 
head trauma or epilepsy; and to pharmaceutical compositions that contain the 
compounds of the present invention. 

BACKGROUND OF.THE INVENTION 

The entry of excessive amounts of calcium ions into neurons following an 
ischemic episode or other neuronal trauma has been well documented. 
Uncontrolled high concentrations of calcium in neurons initiates a cascade of 
biochemical events that disrupts normal cellular processes. Among these events 
are the activation of proteases and lipases, breakdown of neuronal membranes and 
the formation of free radicsds, which may ultimately lead to cell death. Several 
types of calcium channels have been discovered and called the L, N, P, Q, R, and 
T types. Each type possesses distinct structural features, functional properties and 
cellular/subcellular distributions. Type selective calcium channel blockers have 
been identified. For example, SNX-1 1 1 has been shown to be a selective N-type 
calcium channel blocker and has demonstrated activity in a number of models of 
ischemia and pain (Bowersox S.S., et al,. Drug News and Perspective, 
1994:7:261-268 and references cited therein). The compounds of the present 
invention are calcium channel blockers that can block N-type calcium channels 
and can be used to treat stroke, pain, cerebral ischemia, head trauma, and epilepsy. 
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SUMMARY OF THE INVENTION 



The present invention provides compounds having the Formula I 




wherein 

5 * denotes a first chiral center when and R^ are different; 

@ denotes a second chiral center; 

r1 and r2 are independently hydrogen, Ci-CgalkyI, C3-C7cycloalkyl, 

Cs-Cgsubstituted alkyl, Ci-Cgalkoxy, hydroxy, C3-C6heterocycloalkyl, 
C3-C7cycloalkenyI, C3-C7substituted, cycloalkenyl, C3-C7substituted 
1 0 cycloalkyl, -(CH2)n-atryl, (CH2)n-substituted aryl, C2-C8alkenyl, 

O O 

II 1 
C2-C8substituted alkenyl, -CH2-COCi-C6alkyl, -CH2-COH, 

-(CH2)n-heteroaryl, -(CH2)n-substituted heteroaryi, 
1 5 -(CH2)n-C3-C7heterocycle, -(CH2)n-substituted C3-C7heterocycle, 

-(CH2)n-cycloalkyl, -(CH2)n-substituted cycloalkyl, or R^ and r2 may be 
taken together to form a 5- to 7-membered ring which may contain 
heteroatoms, provided that R^ and R^ are not both hydrogen; 
r3, r5, and R^ are independently hydrogen or Cj-Cgadkyl; 

20 C""^^ is Ci_-CRalkyL 

-(CH2)nC3-C7cycloalkyl, 
-(CH2)nC3-C7Substituted cycloalkyl, or 
-(CH2)nPhenyl; 
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Y is -(CH2)n-. -0(CH2)n-. -(CH2)nO-, -N(R3)(CH2)n-, -{CH2)nN(R3)-, 

-S(CH2)n-. -(CH2)nS-, -C=C-, or -C=C-; 
Z is aryl, substituted aryl, heteroaryl, substituted heteroaryl, C3-C7cycloalkyl, 

substituted C3-C7cycloalkyl, or Ci-Cgalkyl; 
X is heterocycle, substituted heterocycle, 

-NH(CH2)nNR3R5, 

-NH(CH2)nheteroaryl, 

-NH(CH2)n substituted heteroaryl, 

-NH(CH2)nNH(CH2)nphenyl. 

-NH(CH2)nNH(CH2)n-OH, 

-NH-heterocycle-CH2phenyl, 

CH3 
I 

-NH-C-CH2-OH, 
I 

CH3 

CH2CH3 
i 

-NH-C-CH2OH, 
I 

CH2OH 

CH2OR3 

. I 
-NH-C , 

I 

Cj-Cg alkyl 

_j^/Ci-C6alkyl 

^CH20Cj-Cgalkyl , 




— N-\ N— CH2-phenyl, 

-NH(CH2)n-heterocycloaIkyl, 
-OCi-Cgalkyl, 
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O 

-NH(CH2)— N 




NH(CH2)ip-N^^^ 





-o°", 

5 

— N-CH 2 16^ 
H ^ Cj-Cgalkyl 

-NH(CH2)nheterocycle, 

-NH(CH2)nSubstituted heterocycle; 

-0R3, -NHR3, -NR3r5, wherein in addition to the definitions of r3 and 

1 0 above, r3 and R^ can together with the nitrogen atom form a ring 

having from 3 to 7 atoms; 
each n is 0 to 5, and the pharmaceutical ly acceptable salts, esters, amides and 
prodrugs thereof. 

In a preferred embodiment of the compound of Formula I, R^ is methyl. 
15 In another preferred embodiment of the compounds of Formula I, 

R3,R5,and r6 are hydrogen. 

In another preferred embodiment of the compounds of Formula I, 

X is -N-tert-butyl or -O-tert-butyi. 
I 

20 H 

In another preferred embodiment of the compounds of Formula I, 
Y is -OCH2-, or -N- CH2-. 

H 
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In another preferred embodiment of the compounds of Formula 1, 
Z is phenyl. 

In another preferred embodiment of the compounds of Formula I, 

R1 is methyl, R^, r5, and r6 are hydrogen, R^ is isobutyl, X is -N-tert-butyl 

5 I 

H 

Y is -OCH2-, and Z is phenyl. 

In another preferred embodiment of the compounds of Formula I, 
r3 is hydrogen and R2 is Cj-Cg alkyl, substituted cyclohexyl, cyclohexyl, 
1 0 cyclohexenyl, -CH2-phenyl, -CH2-substituted phenyl, -CH2-cyclohexyl, 

alkenyl, -CH2-pyridyl, — (^N—Cj-Cg alkyl ^ — <( \> 

~^^^2>n~\^ , or --(^N-CH2— phenyl ' 

R2 and r3 taken together along with the nitrogen atom form a ring having the 
structure 



15 



25 



O,^ N— ^ (CH2)n^N — , where m is 3, 4, 5, or 6, 

— N N— CH2— phenyl , or — N— Cj-Cg alkyl 
Jnanother preferred embodiment of the compounds of Formula I, 



r3 is isobutyl, and R"^ is hydrogen. 

In another preferred embodiment of the compounds of Formula I, 
R5 and r6 are hydrogen. 
20 In another preferred embodiment of the compounds of Formula I, 

R2 is Cj-Cgalkyl, cyclohexyl, substituted cyclohexyl, -CH2^phenyI, or 
-CH2-substituted phenyl. 

In another preferred embodiment of the compounds of Formula I, 

X is -N-tert-butyl, -O-tert-butyl, 
I 

H 
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-N^ , -Y(CH2)^-N^ , -N^N-CH2-phenyl , 
H 

— NHJI^N— CH2phenyl , or — N N— Cj-CgalkyI 
H 

In another more preferred embodiment of the compounds of Formula I, 
r1 is methyl; and 

r2 is Cj-Cgalkyl, substituted cyclohexyl, cyclohexyl, cyclohexenyl, 

-CH2-phenyi, -CH2-substituted phenyl, -CH2-cyclohexyI, Cj-Cgalkenyl, 
. -CH2-pyridyl, 



15 



20 





N— C|-Cgalkyl or — ( O . wherein m is 3, 4, 5, or 6; 



r3, r5, and r6 are hydrogen; 

10 R4 is isobutyl; 

X is -N-tert-butyl or -O-tert-butyl; 

I 

H 

Y is -O-CH2- or -N-CH2-; and 



H 

Z is phenyl. 

In another more preferred embodiment of the compounds of Formula 1, 
Y is -O-CH2- or -N-CH2-; 

I 

H 

Z is phenyl; 

X is -N-tert-butyl, -O-tert-butyl, 



25 H 



-N^ . -N(CH2)ri-N^ , -N^N-CH2-phenyI , 
H 
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—^-\ N— CH2phenyl , 
H 




or — N N— C|-Coalkyl . 



r3 is isobutyl; 
r1 is methyl; and 




r2 is Cj-Cgalkyl, -(CH2)nSubstituted phenyl, or cyclohexyL 

In a most preferred embodiment of the present invention, the compounds 

are: 

2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy-phenyl)- 
1 -tert-butylcarbamoyl-ethyl]-amide; 

2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(piperidine- 1 -carbony I)-ethyI]-amide; 

2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(2-piperidin- 1 -yl-ethy Icarbamoy l)-ethyl]-amide; 

2-Dimethylamino-4-methyl-pentanoic acid [l-(4-benzyloxy-benzyl)- 
2-(4-ben2yl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 

2-DimethyIamino-4-methyl-pentanoic acid [2-(4-ben2yIoxy-phenyI)- 
1 -(1 -benzyl-piperidin-4-yl-carbamoyI)-ethyl]-amide; 

2-Dimethylamino-4-methyi-pentanoic acid [l-(4-ben2yloxy-ben2yl)- 
2-(4-methyl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-ben2y loxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methyl-butyi)-amino]-pentanoic acid 
[ 1 -(4-ben2yloxy-ben2yl)-2-oxo-2-piperidin- 1 -y l-ethyl]-amide; 

4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-ben2yloxy-phenyI)- 1 -(2-piperidin- 1 -y l-ethylcarbamoyl)-ethyl]-amide; 

4-MethyI-2-[methyl-(3-methyl-butyl>amino]-pentanoic acid 
[ 1 -(4-ben2y loxy-benzy l)-2-(4-ben2y 1-piperazin- 1 -y l)-2-oxo-ethy l]-amide ; 

4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- l-(l-ben2yl-piperidin-4-y Icarbamoy l)-ethyl]-amide; 
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4-Methyl-2-[methyl-(3-inethyl-butyl)-amino]-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-(4-methyl-piperazin. 1 -yl)-2-oxo-ethyl]-ainide; 

2-[(4-tert-ButyI-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yioxy-phenyI)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-tert-Butyl-benzyl)-methyi-amino]-4-methyi-pentanoic acid 
[2-(4-benzyloxy.phenyl)- 1 -(piperidine- i -carbonyl)-ethyl]-amide; 

2-[(4.tert-Butyl-ben2yl)-methyI-ainino]-4-inethyl-pentanoic acid 
[2-(4-benzyloxy-pheny 0- 1 -(2-piperidin- 1 -yl-ethylcarbainoyl)-ethyl]-amide; 

2-[(4-tert-Butyl-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy-ben2yl)-2-(4-benzyl-pipera2in- 1 -yl)-2-oxo-ethy l]-amide; 

• 2-[(4-tert-Butyl-benzyI)-methyl-ainino]-4-inethyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -( 1 -ben2yl-piperidin-4-y I-carbamoyl)-ethyl]-amide; 

2- [(4-tert-ButyI-ben2yl)-methyl-ainino]-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-(4-methyI-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-(CycIohexyl-methyl-amino)-4-methyl-pentanoic acid [2-(4-ben2yIoxy- 
phenyl)- 1 -(piperidine- 1 -carbonyl)-ethyl] -amide; 

2-(CyclohexyI-methyl-amino)-4-methyi-pentanoic acid [2-(4-benzyIoxy- 
phenyl)- 1 -(2-piperidin- 1 -y l-ethylcarbamoyl)-ethyl]-amide; 

2-(CyclohexyI-methyl-amino)-4-methyl-pentanoic acid [l-(4-ben2yloxy- 
benzyl)-2-(4-benzyI-piperazin-l-yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexyl-methyI-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
pheny 1)- 1 -( 1 -benzy l-piperidin-4-ylcarbamoyl)-ethyl]-ainide; 

2-(CycIohexyl-methyl-amino)-4-methyl-pentanoic acid [l-(4-benzyloxy- 
benzyl)-2-(4-methyl-piperazin-l-yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexylmethyi-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pJienyi)- 1 -tert-butyicarbamoy l-ethyl]-amide; 

2-(CyclohexyImethyl-methyl-aniino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbonyl)-ethyl]-amide; 

2-(Cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -(2-piperidin- 1 -yl-ethylcarbamoy l)-ethy l]-aniide; 



2-(Cyclohexylmethyl-methyl-ainino)-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-(4-benzyl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -( 1 -benzy I-piperidin-4-y Icarbamoy l)-ethyl]-amide; 

2- (Cyclohexylinethyl-methyl-amino)-4-methyl-pentanoic acid 

[ 1 -(4-ben2yloxy-benzyl)-2-(4-methy l-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 

3- (4-BenzyIoxy-phenyl)-2-[4-methyl-2-(3-methyl-but-2-enyIainino)- 
pentanoylaminoj-propionic acid tert-butyl ester; 

3- (4-Benzyloxy-phenyl)-2-[2-(4-tert-butyl-benzylamino)-4-methyl- 
pentanoylaminoj-propionic acid tert-butyl ester; 

2-(2-Benzyiamino-4-methyl-pentanoylamino)-3-(4-benzyloxy-phenyl)- 
propionic acid tert-butyl ester; 

4- Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-beiizyIoxy-phenyl)- 1 -tert-butyl carbamoyl-ethyl]-amide; 

4-Methyl-2-inethylamino-pentanoic acid [2-(4-benzy loxy-phenyl)- 1 -tert- 
butylcarbamoyl-ethylj-amide; 

2-[(3,3-Dimethyl-butyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl] -amide; 

2-Diethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy-phenyl)-l-tert- 
butylcarbamoyl-ethylj-ainide; 

2-[(4-tert-Butyl-cyciohexyI)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl] -amide; 

4-Methyl-2-[methyl-(4-methyl-cyclohexyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl] -amide; 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-(Butyl-methyl-amino)-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
pheny 1)- 1 -tert-butylcarbamoy 1-ethy l]-amide; 

2-(Isobutyl-methyl-amino)-4-methyl-pentanoic acid [2-(4-ben2yioxy- 
pheny 1)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

4-Methyl-2-methylamino-pentanoic acid [l-(4-benzyloxy-benzyl)- 
2-(4-benzy l-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 
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3- Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

4- Methyl-2-[ethyI-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbainoyl-ethyI]-ainide; 

4-Methyl-2-[methyl-(3-methyl-butyl)-aniino]-butyric acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

2-(Cyclohex-2-enyl-nietfayl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butyIcarbamoyl-ethyl]-amide; 

2-[(4-tert-Butyl-benzyl)-inethyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyI)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

. 2-(Cyclohex-2-enyIamino)-4-niethyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-biitylcarbamoyl-ethyl]-ainide; 

2-(4-tert-Butyl-benzylamino)-4-inethyI-pentanoic acid [2-(4-berLzyloxy- 
phenyl)- 1 -tert-butyIcarbamoyI-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methyl-but-2-enyl)-amino]-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-(4-tert-Butyl-benzylamino)-4-inethyl-pentanoic acid [l-(4-benzyloxy- 
ben2yl)-2-(4-ben2yl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 

4-Methyl-2-(3-methyl-but-2-enylainino)-pentanoic acid [l-(4-benzyloxy- 
benzyI)-2-(4-ben2yl-pipera2in- 1 -y l)-2-oxo-ethyl]-amide; 

2-(Ben2yl-methyl-amino)-4-inethyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -tert-butylcarbainoyl-ethyl]-amide; 

2-[(4-tert-Butyl-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzylamino-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; and 

2-(Cyclohexyl-methyI-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide. 

In another most preferred embodiment of the present invention, the 
compounds are: 

2-[(4-Chloro-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(2-Chloro-benzyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 
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2-[(3-Chloro-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-Methoxybenzyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-EthoxybeTizyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-[(3-Methoxyberrzyl)-rnethyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2:yloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide; 

2-[(2-Methoxybenzyl)-methyl-amino]-4-methyi-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide ; 

• 2-[(4-Pyridyl)-methyl-amino]-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-(2-Hydroxycyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-beiizyloxy-phenyl)- 1 -tert-butylcarbanioyl-ethyl]-aniide; 

4-Methyl-2-[methyI-(N,N-dimethyl-3-amino-propyl)-amino]-pentanoic 
acid [2-(4-ben2yloxy-phenyl)-l -tert-butylcarbamoyl-ethyl]-amide; 

2-(Cyclohexyl-ainino)-4-methyI-pentaiioic acid [2-(4-benzyloxy-phenyl)- 
1 -tert-butylcarbamoyl-ethylj-amide; 

2-[(Isoprop-2-yl)-amino]-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(Isoprop-2-yl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butylcarbamoyI-ethyl]-amide; 

2-[(N-methyl-piperidin-4-yl)-methyl-amino]-4-methyl-pentanoic acid [2- 
(4-benzy loxy-phenyl) - 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(N-methyl-piperidin-4-yl)-ainino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butyicarbamoyl-ethyl]-aniide; 

2-[(PyTan-4-yl)-methyI-amino]-4-inethyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- l-tert-butylcarbamoyl-ethyl]-amide; 

2-[(Pyran-4-yl)-amino]-4-methyl-pentanoic acid [2-(4-benzyioxy-phenyl)- 
1 -tert-butylcarbainoyl-ethyl]-ainide; 

2-Morpholine-4-methy 1-pentanoic acid [2-(4-benzyioxy-pheny 1)- 1 -lert- 
butylcarbamoyl-ethyi]-amide; 
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2-PyrroIidine-4-methyl-pentanoic acid [2-(4-beiizyIoxy-phenyl)-l-tert- 
butyIcarbamoyI-ethyl]-amide; 

2-Piperidine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyI)-l-tert- 
butylcarbamoyl-ethylj-amide; 

2-Hexainethyleneimine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -tert-butylcarbamoyl-ethyl)]-amide; 

2-[(4-Fluoro-benzyl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(4-Chloro-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-pheny 1)- 1 -(piperidine- 1 -carbamoy 1-ethy 1)] -amide; 

. 2-[(4-Bromo-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(2-Chloro-benzyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-aniide; 

2-[(3-Chloro-benzyl)-methyl-ainino-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoy l-ethyl)]-amide; 

2-[(4-Hydroxybenzyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(4-Methoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)].amide; 

2-[(4-Ethoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(3-Methoxyben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(2-Methoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-p}ienyl)-l -(piperidine- l-carbamoyl-ethyl)]-amide; 

2-[(4-Pyridyl)-methyi-amino]-4-methyI-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(piperidine- 1 -carbamoy l-ethyl)]-amide; 

2-[(2-Hydroxycyclohexyl-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzy loxy-pheny 1)- 1 -(piperidine- 1 -carbamoyl-ethy I)]-amide; 

4-Methyl-2-[methyl-(N,N-dimethyl-3-amino-propyl)-amino]-pentanoic 
acid [2-(4-benzy loxy-pheny 1)- 1 -(piperidine- 1 -carbamoyi-ethy l)]-amide; 
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2-(Cyclohexyl-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-(Isoprop-2-yl)-ammo]-4-methyI-pentanoic acid [2-(4-benzyloxy- 
phenyl)-! -(piperidine-1 -carbamoyl-ethyl)]-aniide; 
5 2-(Isoprop-2-yl)-methyl-amino)-4-methyl-pentanoic acid [2-(4-ben2yIoxy- 

phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-|>I-methyl-piperidin-4-yl)-methyI-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

2-[(N-methyl-piperidin-4-yl)-methyl-pentanoic acid [2-(4-ben2yloxy- 
1 0 phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl)]-amide; 

• 2-[(Pyran-4-yl)-methyl-amino]-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(piperidine- 1 -carbamoy l-ethyl)}ramide; 

2-[(Pyran-4-yl)-amino]-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(piperidine- 1 -carbamoyI-ethyl)]-amide; 
15 2-PyiToIidine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 

1 -(piperidine-1 -carbamoyl-ethyl)] -amide; 

2-Morpholine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(piperi dine- 1 -carbamoyl-ethyl)] -cimide ; 

2-Piperidine-4-methyI-pentanoic acid [2-(4-ben2yloxy-phenyl- 
20 1 -(piperidine- l-carbamoyl-ethyl)]-amide; 

2-Hexamethyleneimine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -(piperidine- 1 -carbamoy l-ethyl)]-£miide; 

2-[(4-FIuoro-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[l-(4-benzyloxy-phenyl)-2-(4-methyl-pipera2ine-l-yl)-2-oxo-ethyl]-amide; 
25 2-[(4-Chloro-benzyl)-methyI-aniino]-4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)-2-(4-methyi-pipera2ine-l-yl)-2-oxo-ethyl]-amide; 

2-[(4-Bromo-ben2yl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-2-(4-methyl-piperazine-l-yl)-2-oxo-ethyl]-amide; 
2-[(2-Chloro-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
30 [2-(4-ben2yloxy-phenyl)-2-(4-methyl-piperazine- 1 -yl)-2-oxo-ethyl]-amide; 

2-[(3-Chloro-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-2-(4-methyl-pipera2ine-l-yl)-2-oxo-ethyl]-amide; 
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2-[(4-Hydroxyben2yI)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-2-(4-methyl-piperazine-l-yl)-2-oxo-ethyl]-amide; 

2-[(4-Methoxyben2yl)-methyI-aniino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)-2-(4-methyl-piperazine-l-yl)-2-oxo-ethyI]-amide; 
5 2-[(4-Ethoxybeiizyl)-methyl-amino]-4-rnethyI-pentanoic acid 

[2-(4-benzyloxy-phenyl)-2-(4-methyl-piperazine-l-yl)-2-oxo-ethyl]-amide; 

2-[(3-MelJioxyben2yl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl).2-(4-methyl-piperazine-l-yl)-2-oxo-ethyl]-amide; 
2-[(2-MethoxybenzyI)-inethyl-amino]-4-methyi-pentanoic acid 
10 [2-(4-benzyloxy-phenyl)-2-(4-methyl-piperazine-l-yl)-2-oxo-ethyl]-amide;^ 

. 2-[(4-Pyridyl)-methyl-amino]-4-methyl-pentanoic acid [2-(4-ben2yIoxy- 
phenyl)-2-(4-methyl-piperazine- 1 -yl)-2-oxo-ethyl]-amide; 

2-(2-Hydroxycyclohexyl-methyI-amino)-4-methyI-pentanoic acid 
[2-(4-ben2yloxy-phenyI)-2-(4-methyl-pipera2ine-l-yl)-2-oxo-ethyl]-amide; 
15 4-Methyl-2-[methyI-(N,N-dimethyl-3-amino-propyl)-amino]-pentanoic 
acid [2-(4-benzyloxy-phenyl)-2-(4-methyl-piperazine- 1 -yl)-2-oxo-ethyI]-ainide; 

2-(CycIohexyI-amino)-4-methyl-pentanoic acid [2-(4-ben2yIoxy-phenyl)- 
2-(4-methyl-pipera2in- 1 -yl]-2-oxo-ethyI]-amide; 

2-[(Isoprop-2-yl)-amino]-4-methyi-pentanoic acid [2-(4-beii2yioxy- 
20 phenyl)-2-(4-methyl-piperazin- 1 -yl)-2-oxo-ethyl]-ainide; 

2-[(Isoprop-2-yl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzy]oxy-phenyl)-2-(4-methyl-piperazin-l-yI)-2-oxo-ethyl]-amide; 

2-PyrroIidine-4-methyl-pentanoic acid [2-(4-benzyioxy-phenyI)- 
2-(4-methyl-piperazin- 1 -yl)-2-oxo-ethyl]-ainide; 
25 2-Morpholine-4-methyl-pentanoic acid [2-(4-benzyloxy-pheny 1- 1 -tert- 

butylcarbamoyi-ethyl]-amide; 

2-Piperidine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyI)- 
2-(4-methyl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide ; 

2-Hexamethyleneimine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
30 2-(4-methyl-pipera2in-l-yi)-2-oxo-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(2-morpholin-4-yl-ethylcarbamoyl)-ethyl]-amide; 
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[S-(R*,R'^)]-4-Methyl-2-morphoIin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(2-pyridin-2-yl-ethy lcarbanioyl)-ethy l]-amide; 

[S-(R*,R*)]-4-Methyl-2-moipholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(3-iinidazol- 1 -yl-propylcarbamoyl)-ethyl]-amide; 
5 [S-(R*,R*)]-4-MethyI-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 

phenyl)- 1 -(2-thiomorpholin-4-yl-ethyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(2-hydroxy-l J-dimethyl-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
1 0 phenyl)- 1 -( 1 , 1 -bis-hydroxymethyl-propy 1-carbamoy l)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-(2-pyiTolidin-l-yl-ethylcarbamayl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-moipholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(4-hydroxypiperidiny lcarbamoyl)-ethyl]-amide; 
15 [S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic acid [2- 

(4-benzyloxy-phenyI)-l-(2-moTpholin-4-yl-ethylcarbarnoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyTan-4-yl-ainino)-pentanoic acid [2- 
(4-ben2yloxy-phenyl)- 1 -(-(2-pyridin-2-y l-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl^2-(tetrahydropyran-4-yl-amino)-pentanoic acid [2- 
20 (4-ben2yloxy-phenyl)- 1 -(3-imida2ol- 1 -y l-propy lcarbamoyl)-ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic acid [2- 
(4-benzyloxy-phenyl)-l-(2-pyrrolidine-l-yl-ethylcarbamoyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-arnino)-pentanoic acid [2- 
(4-benzyloxy-phenyl)- 1 -(4-hydroxy-piperinylcarbamoyl]-amide; 
25 [S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 

phenyl)-l-(2-morpholin-4-yl-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(2-(2-aminoethyl)pyridine carbainoyl)-ethyl]-amide; 

[S-(R*, R*)]-2-DimethyIainino-4-methyl-pentanoic acid [2-(4-beii2yloxy- 
30 phenyl)- l-(3-imida2ol-l-yl-propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(thiomorpholinecarbamoyl)-ethyl]-amide; 
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[S-(R*,R*)]-2-Diiiiethylamino-4-methyl-pentanoic acid [2-(4-benzyIoxy- 
phenyl)-l-(2-aminopropan-l-ol carbaiiioyl)-ethyl]-amide; 

[S-(R*,R*)]-2-Diinethylammo-4-methyI-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(2-hydroxymethylbutan- 1 -ol)-ethyl]-amide; 

[S-(R*,R*)]-2-Diinethylamino-4-methyl-pentanoic acid [2-(4-benzyioxy- 
phenyl)- 1 -( 1 -methoxymethyl-propylcarbamoy])-ethyl]-amide; 

[S-(R*,R*)]-2-DimethyJamino-4-methyI-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(2-pyiToIidin- 1 -yl-ethylcarbainoyl)-ethyl]-amide; and 

[S-(R*,R*)]-2-DimethyIamino-4-methyl-pentanoic acid {2-(4-benzyloxy- 
phenyl)- 1 -[2-(2-hydroxy-ethylainino)-ethylcarbamoyl]-ethyl}-amide; 

- [S-(R*,R*)]-4-Methyl-2-[inethyl-(3-inethyIbutyl).amino]-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(2-hydroxy- 1 ,1 -dimethy l-ethylcarbamoyl)-ethyl]- 
amide; 

[S-(Tl*,R*)]-4-Methyl-2-[methyl-(3-methyIbutyl)-amino]-pent^ acid 
[2-(4-ben2yloxy-phenyl)- 1 -(2-piperidin- 1 -yl-ethy lcarbanioyl)-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentano acid 
{2-(4-benzyloxy-pheiiyl)- 1 -[3-(2-oxo-pyrrolidin- 1 -yl)-propyIcarbamoyl]-ethyl } - 
amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yI-pentanoic acid [2-(4-faenzyloxy- 
piienyl)- 1 -(2-morpholin-4-y l-ethylcarbamoyl)-ethyl]- 

[S-(R*,R*)]-4-MethyI-2-morpholin-4.yl-pentanoic acid [2-(4-benzyioxy- 
phenyl)- 1 -(2-pyridin-2-yI-ethyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(3-imida2ol- 1 -yI-propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4.yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(2-thiomorpholin-4-yl-ethylcarbamoyl)-ethyl]-aniide; 

[S-(R*,R*)]-4-Methyl-2-moq3holin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4.Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -( 1 , 1 -bis-hydroxymethy l-propyl-carbamoy l)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(2-pyTTolidin- 1 -yl-ethy lcarbamoyl)-ethyl]-amide; 
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[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-(4-hydroxypiperidinylcarbamoyl)-ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic acid 
[2-(4-ben2yloxy-phenyI)-l-(2-morpholin-4-yl-etiiylcarbamoyl)-ethyl]-am^ 
5 [S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yI-amino)-pentanoic acid 

[2-(4-benzyioxy-phenyl)-l-(-(2-pyridin-2-yl-ethylcarbamoyl)-ethyI]-amide; 
[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-ainino)-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -(3-imidazoI- 1 -yl-propylcarbamoyl)-ethyl]-amide; 
[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic acid 
1 0 [2-(4-benzyloxy-pheny 1)- 1 -(2-pyrrolidine- 1 -y l-ethylcarbamoyl]-amide ; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yUamino)-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(4-hydroxy-piperinyIcarbamoyl]-ainide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(2-morpholin-4-yI-ethylcarbamoyl>ethyI]-amide; 
15 [S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 

phenyl)-! -(2-(2-aininoethyl)pyridine carbamoyI)-ethyl]-amide; 

[S-(R*,R*)]-2-DimethyIamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-! -(3-imidazoI- 1 -yl-propylcarbamoyl)-ethyl] -amide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
20 phenyl)- l-(thiomorpholinecarbamoyl)-ethyl]-ainide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentarioic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(2-aminopropan- 1 -ol carbamoy l)-ethyl]-amide; 

[S-(R*,R*)]-2-Dimethylainino-4-methyi-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-(2-hydroxymethylbutan-l-ol)-ethyl]-amide; 
25 [S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 

pheny 1)- 1 -( 1 -methoxymethy l-propy Icarbamoy l)-ethy l]-ainide; 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(2-pyrroIidin- 1 -y 1-ethyl carbamoy l)-ethyl]-ainide; and 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid {2-(4-ben2yloxy- 
30 phenyl)-l-[2-(2-hydroxy-ethylamino)-ethylcarbamoyl]-ethyl}-amide. 

Also provided is a pharmaceutical composition comprising a compound of 
Formula L 
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Also provided is a method of blocking calcium channels, the method 
comprising administering to a patient in need of calcium channel blocking, a 
therapeutically effective amount of a compound of Formula I to block calcium 
channels. 

5 In a preferred embodiment of the method, the calcium channels are N-type 

calcium channels. 

In another embodiment, the present invention provides a method of 
blocking N-type calcium channels, the method comprising administering to a 
patient in need of N-type calcium channel blocking a therapeutically effective 
10 amount of a compound of Formula I effective to block N-type calcium channels. 

. The invention also provides a method of treating stroke, the method 
comprising administering to a patient having a stroke a therapeutically effective 
amount of a compound of Formula I, 

The invention also provides a method of preventing a stroke, the method 
1 5 comprising administering to a patient at risk of having a stroke a therapeutically 

effective amoimt of a compound of Formula 1. 

The invention also provides a method of treating cerebral ischemia, the 
method comprising administering to a patient having cerebral ischemia a 
therapeutically effective amount of a compound of Formula L 
20 The invention also provides a method of treating head trauma, the method 

comprising administering to a patient having head trauma a therapeutically 
effective amount of a compound of Formula 1. 

Also provided is a method of treating epilepsy, the method comprising 
administering to a patient having epilepsy a therapeutically effective amount of a 
25 compound of Formula L 

Also provided is a method of treating pain, the method comprising 
administering to a patient having pain a therapeutically effective amount of a 
compound Formula I. 

Also provided are the compounds: 
^0 [S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyI)-amino]-pentanoic acid 

[2-(4-benzyloxy-phenyl)-l-(2-morpholin-4-yl-.ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4.benzyloxy-phenyI)-l-(2-pyridin-2-yl-ethylcarbamoyl)-ethyl]-amide; 
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[S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentano acid 
[2-(4-ben2y loxy-pheny 1)- 1 -(3 -imidazo 1- 1 -y 1-propy Icarbamoy l)-ethy l]-ainide ; 

[S-(R*,R*)]-4-Methyl-2-[methyI-(3-inethyl-butyl)-amino]-pentanoic acid 
[l-(2-ben2ylainino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-oxo-2-thiomorphoIin-4-yl-ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-[methyI-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(2-hydroxy- 1 -hydroxymethy 1- 1 -methy 1- 
ethyIcarbamoyl)-ethyl]-amide; 

[S-(Tl*,R*)]-4-Methyl-2-[methyl-(3-methyI-butyl)-amino]-pen^ acid 
[2-(4-benzyioxy-phenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)].4-Methyl-2-[methyl-.<3-methyl-butyI)-amino]-pentanoic acid 
[2-(4-benzyioxy-phenyl)-l-(2-pyrrolidin-l-yI-ethylcarbamoyl)-ethyl] -amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-ainino]-pentanoic acid 
[l-(4-benzyloxy-ben2yl)-2-(4-hydroxy-piperidin-l-yl)-2-oxo-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyI-butyl)-amino]-pentanoic acid 
{2-(4-benzyloxy-phenyI)- 1 - [2-(2-hydroxy-ethylainino)-ethylcarbamoy l]-ethyl } - 
amide; 

[S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyi)-l-(l-beri2yl-pyrrolidin-3-ylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-morpholin-4-yl-pentanoic acid [l-(2- 
benzylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]-amide; 

[S-(R* ,R*)]-4-Methyl-2-morphoIin-4-y 1-pentanoic acid [2-(4-benzy loxy- 
phenyl)- 1 -( 1 -beiizyl-pyrrolidin-3-y lcarbamoyI)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [l-(4-ben2yloxy- 
ben2yl)-2-oxo-2-piperidin-l-yi-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
[ 1 -(2-ben2ylamino-ethyIcarbamoyl)-2-(4-ben2yioxy-phenyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-peTitanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-oxo-2-thiomorpholin-4-yl-ethy l]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyi)-ethyl]- 
amide; 
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[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-yIamino)-pentanoicacid 
[2-(4-ben2yloxy-phenyl)- 1 -( 1 , 1 -bis-hydroxymethyI-propylcarbamoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyraii-4-yIanuno)-pentanoicacid 
[2-(4-ben2yloxy-phenyl)-l-(l-methoxymethyl-propylcarbainoyl)-ethyl]-amide; 

[S-(R*.R*)3-4-MethyI-2-(tetrahydro-pyran-4-ylaniino)-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-(l-benzyI-pyrTolidin-3-ylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-(2-piperidin-l-yl-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetraliydro-pyran-4-yIamino)-pentanoicacid 
[2-(4,ben2yloxy-phenyI)- 1 -tert-butylcarbamoy I-ethylj-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-yIamino)-pentanoicacid 
[ I -(4-benzyIoxy-benzyl)-2-oxo-2-piperidin- 1 -yl-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Fluoro-ben2yl)-methyl-amino]-4-methyI-pentanoicacid 
[2-(4-benzy]oxy-phenyl)-l-tert-butylcarbamoyI-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Bromo-benzyl)-methyI-amino]-4-methyl-pentanoicacid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Hydroxy-benzyl)-methyl-amino]-4-metliyl-pentanoic 
acid [2-(4-benzyIoxy-phenyl)-l -tert-butylcarbamoyl-ethyI]-amide; 

[S-(R*,R*)]-4-MethyI-2-(methyI-pyridin-4-yimethyl-amino)-pentanoic 
acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyI]-amide; 

[S-(R*,S*)]-4-MethyI-2-[methyl-(3-methyl-butyl)-ainino]-pentanoicacid 
[2-(4-ben2yIoxy-phenyl)-l-tert-butyIcarbamoyi-ethyl]-ainide; 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-2-[4-methyI-2-(tetrahydro-pyraii- 
4-ylamino)-pentanoylamino]-propionic acid tert-butyl ester; 

[S-(R*,R*)]-2-(Isopropyl-methyl-amino)-4-methyl-pentanoicacid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

[S-(R*,R*)]-4-Methyl-2-[metliyi-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

[S-[R*,R*,(RS)]]-2-[(2-Hydroxy-l-metiiyl-ethyl)-methyl-amino]- 
4-methyl-pentanoic acid [2-(4-benzyIoxy-phenyl)-l-tert-butyicarbamoyl-ethyi]- 
amide; 
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[S-(R*,R*)]-4-Methyl-2-[methyl.( 1 H.pyrrol-2-ylmethyl)-ain^ 
pentanoic acid [2-(4-ben2yloxy-pheny I)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

[S-(R*,R*)]-2-(Furan-2-ylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-ainide; 
5 [S-(R*,R*)]-[S-(R*,R*)]-3-(4-Ben2yIoxy-phenyl)-2-[2- 

(cyclohexylmethyI-amino)-4-methyl-pentanoyiamino]-propionic acid tert-butyl 
ester; 

[S-(R*,R*)]-3-(4-Ben2yloxy-phenyl)-2-(2-isopropylamino-4-methyl- 
pentanoylamino)-propionic acid tert-butyl ester; 

10 [S-(R*,R*)]-3-(4-Ben2yloxy-phenyl)-2-(2-cyclohexylamino-4-methyl- 
pentanoylamino)-propionic acid tert-butyl ester; 

[S-(R*,R*)]-4-MethyI-2-morpholiii-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

[S-(R*,R*)]-3-(4-Beiizyloxy-phenyl)-2-[4-methyl-2-(3-methyl- 
15 butylamino)-peiitanoylainino]-propionic acid tert-butyl ester; 

[S-(R*,R*)]-( { 1 -[2.(4-Benzy loxy-phenyl)- 1 -tert-butylcarbamoyl- 
ethylcarbamoyl]-3-methyl-butyl}-methyl-amino)-acetic acid ethyl ester; 

[S-(R* ,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 
20 [S-(R*,R*)]-2-[(4-Methoxy-ben2yl)-methyl-arriino]-4-methyl-pentanoic 
acid [2-(4-beiizyloxy-phenyl)- 1 -tert-butylcarbanioyl-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-piperidin-l-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -tert-butyl carbamoyl-etfayl]-ainide; 

[S-(R*,R*)]-2-Ethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
25 phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(methyl-pyridin-3-ylmethyl-ainino)-pentaiioic 
acid [2-(4-benzyloxy-phenyl)-l -tert-butylcarbamoyl-ethyl]-amide; 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-N-tert-butyl-2-{2-[methyI- 
(3-methyl-butyl)-amino]-acetylainino}-propionamide; 
30 [S-|TR*,R*,(RS)]]-2-(sec-Butyl-methyl-amino)-4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide; 

(S)-N-[2-(4-Benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-2-(3-methyl- 
butylamino)-isobutyramide; 
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[S-(R*,R*)]-4-Methyl-2-(3-methyl-butylamino)-pentanoicacid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

4-Methyl-2-[methyI-(tetrahydro-pyran-4-yl)-aniino]-pentanoic acid 
[2-(4-ben2yIoxyphenyI> 1 -( 1 -niethoxyinethyl-propylcarbamoyl)-ethyl]-amide ; 

4-Methyl-2-[methyI-(3-methylbutyl)-amino]-pentanoic acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

2-(Isopropyl-methyl-amino)-4-methyl-pentaiiioc acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -methoxymethyl-propyIcarbamoyl)-ethyl]-amide; 

2-[(4-tert-butyI-ben2yl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yIoxyphenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

. 2-[(4-Dimethylamino-ben2yl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyI)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

4-Methyl-2-[methyl-tetraliydropyran-4-yI)-aniino]-pentanoicacid 
[2-(4-benzyloxyphenyl)- 1 -(1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methyl-butyI-amino]-pentanoicacid 
[2-(4-ben2yIoxyphenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]-aniide; 

2-(Isopropyl-methyl-amino)-inethyl-pentanoic acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

2-[(4-tertButyl-beir2yl-)-methyl-ainino]-4-methyl-pentanoicacid 
[2-(4-benzyloxypiienyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

2-[(4-Dimethylamino-ben2yl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy phenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

[S, (R*,R*)]-4-Methyl-2-piperidin-l-yI-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

[S, (R*,R*)]-4-Methyl-2-moipholin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide monohydroctiloride; 

[S-(R*,R*)]-2-Dimethylaniino-4-methyl-pentanoic acid {l-tert- 
butyIcarbamoyI-2-[4-(pyridin-3-ylmethoxy)-phenyl]-ethyl}-amide; 

[S-(R*,R*)]-2-(Cyclohexyl-met}iyl-amino)-4-metliyi-pentanoic acid 
{l-tert-butylcarbamoyl-2-[4-(pyridin-3-ylmethoxy)-phenyl]-ethyI}-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyI-(3-metIiyl-butyl)-amino]-pentanoic acid 
{ 1 -tert-butylcarbainoyi-2-[4-(pyridiii-3-y lmethoxy)-phenyl]-ethyi } -amide; 
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[S-(R*,R*)]-2-[(4-teit-Butyl-ben2yl)-methyl-aniino]-4-methyl-pentanoic 
acid { l-tert-butylcarbamoyl-2-[4-(pyridin-3-ylmethoxy)-phenyl]-ethyI}-amide; . 

[S-(R*,R*)]-2-[(3-Methoxy-ben2yl)-methyl-amino]-4-methyI-pent^ 
acid [2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoy i-ethyl]-amide; 
5 [S-(R*,R*)]-2-[(2-Methoxy-ben2yl)-methyl-ainino]-4-methyl-pentanoic 
acid [2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyI-ethyl]-ainide; 

[S-(R*,R*)]-2-[(4-Chloro-benzyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

[S-(R*,R*)]-2-[(3-Chloro-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
1 0 [2-(4-ben2y loxy-pheny 1)- 1 -tert-buty Icarbamoy 1-ethy Ij-amide ; 

• [S-(R*,R*)]-2-[(2-Chloro-benzyI)-methyl-ammo]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-buty Icarbamoy l-ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(4-rnethylsulfanyl-ben2yl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-ainide; 
15 [S-(R*,R*)]-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl).amino]- 
pentanoic acid {2-(4-ben2yloxy-phenyl)-I-[3-(2-oxo-pyrrolidin-l-yl)- 
propylcarbamoyl]-ethyl}-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
{2-(4-benzyIoxy-phenyl)- 1 -[3-(2-oxo-pyrrolidin- 1 -yl)-propylcarbainoyl]-ethyl } - 
20 amide; 

[S-(R*,R*)]-2-(Isopropyl-methyl-ariiino)-4-methyl-pentanoic acid 
{2-(4-ben2yloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yi)-propylcarbamoyl]-ethyI}- 
amide; 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyI-pentanoic acid 
25 {2-(4-benzyioxy-phenyl)- 1 -[3-(2-oxo-pyrrolidin- 1 -y I)-propy lcarbamoyl]-ethyl } - 

amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyl-amino]-4-methyI-pentanoic 
acid {2-(4-benzyIoxy-phenyl)- 1 -[3-(2-oxo-pyrrolidin- 1 -yl)-propylcarbamoyl]- 
ethyl) -amide; 

30 [S-(R*,R*)]-2-[(4-Dimethylamino-benzyi)-methyl-amino]-4-methyI- 
pentanoic acid {2-(4-benzyloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yl)- 
propylcarbamoyi]-ethyl } -amide; 
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[S-(R*,R*)]-2-(Isopropyl-methyl-aniino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -yl-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -yI-ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-tert-Bu1yl-ben2yl)-methyl-amino]-4-methyi-pent^ 
acid [2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -yl-ethyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-ben2yl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -yl-ethylcarbamoyl)- 
ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-[niethyl-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid [l-(4-benzyIoxy-benzyl)-2-[l,4']bipiperidinyl-r-yl-2-oxo-ethyl]- 
amide; 

[S-(R*,R*)]-4-MelJiyl-2-[niethyl-(3-methyl-butyl)-amino]-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-[ 1 ,4']bipiperidinyl- 1 '-yl-2-oxo-ethyl] -amide; 

[S-(R*,R*)]-2-(lsopropyl-methyl-amino)-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy-ben2y l)-2-[ 1 ,4']bipiperidinyl- 1 '-y l-2-oxo-ethyl]-amide; 

2-[(3-Hydroxy-butyl)-methyI-amino]-4-methyl-pentanoic acid 
[l-(4-ben2yloxy-benzyl)-2-[l,4']bipiperidinyl-r-yl-2-oxo-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-niethyl-amino]-4-niethyl-pentanoic 
acid [1 -(4-benzyloxy-benzyI)-2-[l ,4']bipiperidinyl-r-yl-2-oxo-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl- 
pentanoic acid [ 1 -(4-ben2yloxy-benzyl)-2-[ 1 ,4']bipiperidinyl- 1 '-y 1-2-oxo-ethyl]- 
amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyl-amino]-4-methyI-pentanoic 
acid [ 1 -(2-ben2ylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-benzyl)-methyl-aniino]-4-methyl- 
pentanoic acid [l-(2-ben2ylamino-ethyicarbamoyl)-2-(4-benzyloxy-phenyl)- 
ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid [l-(2-ben2ylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)- 
ethyl]-amide; 
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[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[ 1 -(2-ben2ylainino-ethylcarbamoyl)-2-(4-benzyIoxy-phenyl)-ethyl^ 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -( 1 -propyl-piperidin-3-yicarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentan^ acid 
[2-(4-benzyloxy-p]ieny I)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-(Isopropyl-methyl-amino)-4-rnethyI-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -(3-imidazol- 1 -yl-propylcarbainoyl)-ethyl]-amide; 

2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -( 1 , 1 -bis-hy droxymethyl-propylcarbamoyO-ethyl]- 
amide; 

[S-0R.*,R*)]-2-[(4-tert-Butyl-beiizyi)-methyl-amino]-4-methyl-pem 
acid [2-(4-benzyloxy-phenyl)- 1 -( 1 , 1 -bis-hydroxymethyl-propylcarbainoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-ben2yl)-methyl-amino]-4-meA^ 
pentanoic acid [2-(4-benzyIoxy-phenyl)-l-(l,l-bis-hydroxymethyI- 
propylcarbainoyl)-ethyl]-ainide; 

[S-(R*,R*)]-2-[(4-tert-Bulyl-ben2yI)-methyl-amino]-4-methyl-penta^ 
acid [2-(4-beixzyIoxy-phenyl)- 1 -(3-imida2ol- 1 -yl-propylcarbainoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-ben2yI)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyI)-l-(3-imidazol-l-yl-propylcaTbanioyl)- 
ethyl]-amide; 

[S-CR*,R*)]-2-(lsopropyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(3-imidazol- 1 -yl-propy Icarbamoy l)-ethyi]-ainide; 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-beiizyIoxy-phenyl)- 1 -(3-imidazol- 1 -yl-propylcarbanioyl)-ethyl]-amide; 

[S-(R*,R*)]-2-(Isopropyl-raethyl-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethy Icarbamoy l)-ethyl]- 
amide; 

2-[(3-Hydroxy-butyi)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-plienyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)-ethyl]- 
amide; 
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2-[(4-ten-Butyl-ben2yl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -diinethyI-ethylcarbamoyI)-ethyl]- 
amide; 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-pheny 1)- 1 -(2-hydroxy- 1 , 1 -dimethyI-ethyIcarbamoyl)-ethyl]- 
amide; 

2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyI)-amino]-pent^ acid 
[2-(4-ben2yIoxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-4-methyl-2-(3-methylrbutylamino)-pentanoic acid [2-(4- 
phenethyl-phenyl)- 1 -tert-butylcarbamoyl-ethyl] amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid [2-(4-(2- 
cyclohexyl-ethyl)-phenyi)- 1 -tert-butylcarbamoyl-ethyl] amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid [2-(4-(2- 
cyclopentyl-ethyI)-phenyI)- 1 -tert-butylcarbamoyl-ethyl] amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid [2-(4-(2- 
cyclohexyl-ethyl)-phenyl)- 1 -( 1 , 1 -bis-hydroxymethy l-propylcarbamoyl)-ethyl] 
amide; 

4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]-pentanoic acid 
[2-(4-ben2yIoxyphenyl)-l-(l-methoxymethyl-propyIcarbamoyl)-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methylbutyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(l-methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

2-(IsopropyI-methyl-amino)-4-methyl-pentanioc acid 
[2-(4-benzyloxypheny 1)- 1 -( 1 -methoxymethy l-propylcarbamoyl)-ethyl]-amide; 

2-[(4-tert-butyl-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxyphenyl)-l-(l-methoxymethyl-propyicarbamoyl)-ethyl]-amide; 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -methoxymethy l-propylcarbamoyl)-ethyl]-amide; 

4-MethyI-2-[methyl-tetrahydropyran-4-yl)-amino]-pentanoic acid 
[2-(4-ben2yloxyphenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 
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4-Methyl-2-[methyl-(3-methyl-butyl-amino]-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

2-(Isopropyl-methyl-amino)-methyI-pentanoic acid [2-(4- 
benzyioxyphenyl)- 1 -( 1 -propyI-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

2-[(4-tertButyl-benzyl-)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-beiizyloxyphenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; and 

2-[(4-Dimethylamino-ben2yl)-rnethyl-aniino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy phenyl)-! -(l-propyI-piperidin-3-ylcarbamoyl)-ethyl]-amide. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides compounds having the Formula I 




Y 



wherein 

* denotes a first chiral center when and R^ are different; 
@ denotes a second chiral center; 

r1 and r2 are independently hydrogen, Ci-CgalkyI, C3-C7cycloalkyl, 

C3-C8substituted alkyl, Ci-Cgalkoxy, hydroxy, C3-C6heterocycloalkyl, 
C3-C7cycloalkenyl, C3-C7substituted, cycloalkenyl, C3-C7substituted 
cycloalkyi, -(CH2)n-aryl, (CH2)n-substituted aryl, C2-C8alkenyl, 

O O 

II II 
C2-C8substituted alkenyl, -CH2-COC i-Cgalkyl, -CH2-COH, 

-(CH2)n-heteroaryl, -(CH2)n-substituted heteroaryl, 
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-(CH2)n-C3-C7heterocycle, -(CH2)n-substituted C3-C7heterocycle, 
-(CH2)n-cycloalkyl, -(CH2)n-substituted cycloalkyi, or r1 and R2 may be 
taken together to form a 5- to 7-membered ring which may contain 



R^isCi-Cgalkyl, 

-(CH2)nC3-C7cycloalkyl, 
-(CH2)nC3-C7Substituted cycloalkyi, or 
-(CH2)nPhenyl; 

10 Y is -(CH2)„-, -0(CH2)n-. -(CH2)nO-, -N(R3)(CH2)n-, -(CH2)nN(R3)-, 

-S(CH2)n-, -(CH2)nS-, -C=C-, or -C=C-; 
Z is aryl, substituted aryl, heteroaryl, substituted heteroaryl, C3-C7cycloalkyl, 

substituted C3-C7cycloalkyl, or Cj-Cgalkyl; 
X is heterocycle, substituted heterocycle, 
15 -NH(CH2)nNR3R5, 



5 



heteroatoms, provided that R^ and R2 are not both hydrogen; 
r3, r5, and r6 are independently hydrogen or Cj-Cgalkyl; 



20 



-NH(CH2)nheteroaryl, 
-NH(CH2)n substituted heteroaryl, 
-NH(CH2)nNH(CH2)nPhenyl, 
-NH(CH2)nNH(CH2)n-OH, 
-NH-heterocy c le-CH2phenyl , 



CH3 



-NH-C-CH2-OH, 



25 



CH3 



CH2CH3 



-NH-C-CH2OH, 



30 



CH2OH 
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CH9OR3 
I 

-NH-C. 
I 

Ci-Cg alkyl 

_^/Ci-C6alkyl 

^CH20Cj-Cgalkyl _ 



10 



15 




— N— ^^^^N— CH2-phenyl, 

-NH(CH2)n-heterocycloalkyI, 
-OCi-Cgalkyl, 

O 



— NH(CH2)^r-N 




-NH(CH2)^N 




-N-f >J— C^-Cgalkyl 




/CH-^OCT-C^alkyl 
■N-CH 2 16^ 

H ^CpCgalkyl 



-NH(CH2)nheterocycle, 
-NH(CH2)nSubstituted heterocycle; 
-OR^, -NHR3. -NR3r5, wherein in addition to the definitions of R3 and 

r5 above, R^ and R^ can together with the nitrogen atom form a ring 
20 having from 3 to 7 atoms; 
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each n is 0 to 5, and the pharmaceutically acceptable salts, esters, amides, and 
prodrugs thereof. 

Two chiral centers that can have either R or S configurations are 
designated above in Formula I by the symbols and "@". It is intended that the 
5 present invention cover compounds having the S,S; R,R; S,R; or R,S 

configurations and mixtures thereof. 

The term "alkyl" means a straight or branched chain hydrocarbon. 
Representative examples of alkyl groups are methyl, ethyl, propyl, isopropyl, 
isobutyl, butyl, tert-butyl, sec-butyl, pentyl, and hexyl. 
0 The term "alkoxy" means an alkyl group attached to an oxygen atom. 

Representative examples of alkoxy groups include methoxy, ethoxy, tert-butoxy, 
propoxy, and isobutoxy. 

The term "halogen" includes chlorine, fluorine, bromine, and iodine. 
The term "alkenyl" means a branched or straight chain hydrocarbon 
5 having one or more carbon-carbon double bond. 

The term "aryl" means an aromatic hydrocarbon. Representative examples 
of aryl groups include phenyl and naphthyl. 

The term "heteroatom" includes oxygen, nitrogen, and sulfur. 
The term "heteroaryl" means an aryl group wherein one or more carbon 
) atom of the aromatic hydrocarbon has been replaced with a heteroatom. Examples 

of heteroaryl radicals include, but are not limited to, pyridyl, imidazolyl, pyrrolyl, 
thienyl, furyl, pyranyl, pyrimidinyl, pyridazinyl, indolyl, quinolyl, naphthyridinyl, 
and isoxazolyl. 

The term "cycloalkyl" means a cyclic hydrocarbon. Examples of 
^ cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. 

The symbol means a bond. 

The term "patient" means all animals including humans. Examples of 
patients include humans, cows, dogs, cats, goats, sheep, and pigs. 

The term "substituted" means that the base organic radical has one or more 
substituents. For example, substituted cyclohexyl means a cyclohexyl radical that 
has one or more substituents. Substituents include, but are not limited to, halogen, 
Ci-Cgalkyl, -CN, CF3, -NO2, -NH2, -NHCi-Cgalkyl, -N(Ci-C8alkyl)2, 
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-SCi-Cgalkyl, -OCi-Cgalkyl, and -OH. Particularly preferred substituents 
include, but are not limited to tert-butyl, methyl, chlorine, fluorine, bromine, 
-OCH3, -OCH2CH3, -OH, and -N(CH3)2. 

The term "cycloalkenyr' means a cycloalkyi group having at least one 
5 carbon-carbon double bond. Examples of cycloalkenyl groups include 

cyclopentene, cyclobutene, and cyclohexene. 

The term "heterocycle" means a cycloalkyi group wherein one or more 
carbon atom is replaced with a heteroatom. Examples of heterocycles include, but 
are not limited to, pyrrolidinyl, piperidinyl, and piperazinyl. 
10 Those skilled in the art are easily able to identify patients having a stroke 

or at risk of having a stroke; cerebral ischemia; head trauma; or epilepsy. For 
example, patients who are at risk of having a stroke include, but is not limited to 
patients having hypertension or undergoing major surgery. 

A therapeutically effective amount is an amount of a compound of 
1 5 Formula I, that when administered to a patient, ameliorates a symptom of the 

disease. 

The compounds of the present invention can be administered to a patient 
either alone or a part of a pharmaceutical composition. The compositions can be 
administered to patients either orally, rectally, parenterally (intravenously, 

20 intramuscularly, or subcutaneously), intracistemally, intravaginally, 

intraperitoneally, intravesically, locally (powders, ointments, or drops), or as a 
buccal or nasal spray. 

Compositions suitable for parenteral injection may comprise 
physiologically acceptable sterile aqueous or nonaqueous solutions, dispersions, 

25 suspensions or emulsions, and sterile powders for reconstitution into sterile 

injectable solutions or dispersions. Examples of suitable aqueous and nonaqueous 
carriers, diluents, solvents or vehicles include water, ethanol, polyols 
(propyleneglycol, polyethyleneglycol, glycerol, and the like), suitable mixtures 
thereof, vegetable oils (such as olive oil) and injectable organic esters such as 

30 ethyl oleate. Proper fluidity can be maintained, for example, by the use of a 

coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersions and by the use of surfactants. 
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These compositions may also contain adjuvants such as preserving, 
wetting, emulsifying, and dispensing agents. Prevention of the action of 
microorganisms can be ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be 
desirable to include isotonic agents, for example sugars, sodium chloride, and the 
like. Prolonged absorption of the injectable phannaceutical form can be brought 
about by the use of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Solid dosage forms for oral administration include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound is 
admixed with at least one inert customary excipient (or carrier) such as sodium 
citrate or dicalcium phosphate or (a) fiUer^or extenders, as for example, starches, 
lactose, sucrose, glucose, mannitol, and silicic acid, (b) binders, as for example, 
carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone, sucrose, and 
acacia, (c) humectants, as for example, glycerol, (d) disintegrating agents, as for 
example, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, 
certain complex silicates, and sodium carbonate, (e) solution retarders, as for 
example paraffm, (f) absorption accelerators, as for example, quaternary 
ammonium compounds, (g) wetting agents, as for example, cetyl alcohol, and 
glycerol monostearate, (h) adsorbents, as for example, kaolin and bentonite, and 
(i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells, such as enteric coatings and others well 
known in the art. They may contain opacifying agents, and can also be of such 
composition that they release the active compound or compounds in a certain part 
of the intestinal tract in a delayed manner. Examples of embedding compositions 
which can be used are polymeric substances and waxes. The active compounds 
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can also be in micro-encapsulated form, if appropriate, with one or more of the 
above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically 
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to the 
5 active compounds, the liquid dosage forms may contain inert diluents commonly 

used in the art, such as water or other solvents, solubilizing agents and emulsifiers, 
as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3-butyleneglycol, 
dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, com germ 

10 oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, 

polyethyleneglycols and fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Besides such inert diluents, the composition can also include adjuvants, 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 

1 5 and perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending 
agents, as for example, ethoxylated isostearyl alcohols, polyoxy ethylene sorbitol 
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these substances, and the like. 

20 Compositions for rectal administrations are preferably suppositories which 

can be prepared by mixing the compounds of the present invention with suitable 
non-irritating excipients or carriers such as cocoa butter, polyethyleneglycol or a 
suppository wax, which are solid at ordinary temperatures but liquid at body 
temperature and therefore, melt in the rectum or vaginal cavity and release the 

25 active component. 

Dosage forms for topical administration of a compound of this invention 
include ointments, powders, sprays, and inhalants. The active component is 
admixed under sterile conditions with a physiologically acceptable carrier and any 
preservatives, buffers, or propellants as may be required. Ophthalmic 

30 formulations, eye ointments, powders, and solutions are also contemplated as 

being within the scope of this invention. 

The term "pharmaceutically acceptable salts, esters, amides, and prodrugs" 
as used herein refers to those carboxylate salts, amino acid addition salts, esters. 



wo 98/54123 „ 

PCT/US98A0838 

-34- 

amides, and prodrugs of the compounds of the present invention which are, within 
the scope of sound medical judgment, suitable for use in contact with the tissues 
of patients without undue toxicity, irritation, allergic response, and the like, 
commensurate with a reasonable benefit/risk ratio, and effective for their intended 
5 use, as well as the zwitterionic forms, where possible, of the compounds of the 

invention. The term "salts" refers to the relatively non-toxic, inorganic and 
organic acid addition salts of compounds of the present invention. These salts can 
be prepared in situ during the final isolation and purification of the compounds or 
by separately reacting the purified compound in its free base form with a suitable 
1 0 organic or inorganic acid and isolating the salt thus formed. Representative salts 

include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate 
mesylate, glucoheptonate, lactobionate and laurylsulphonate salts, and the like. 
1 5 These may include cations based on the alkali and alkaline earth metals, such as 

sodium, lithium, potassium, calcium, magnesium, and the like, as well as non- 
toxic ammonium, quaternary anmionium and amine cations including, but not 
limited to ammonium, tetramethylammonium, tetraethylammonixim, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. (See, for 
20 example, S.M. Berge, et al., "Pharmaceutical Salts," J. Pharm. Sci., 1977;66: 1-1 9 

which is incorporated herein by reference.) 

Examples of pharmaceutically acceptable, non-toxic esters of the 
compounds of this invention include Ci-Cgalkyl esters wherein the alkyl group is 
a straight or branched chain. Acceptable esters also include Cs-Cycycloalkyl 
25 esters as well as arylalky 1 esters such as, but not limited to benzyl. C i -C4alky 1 

esters are preferred. Esters of the compounds of the present invention may be 
prepared according to conventional methods. 

Examples of pharmaceutically acceptable, non-toxic amides of the 
compounds of this invention include amides derived from ammonia, primary 
30 C 1 -Cgalkyl amines and secondary C \ -C6dialkyl amines wherein the alkyl groups 

are straight or branched chain. In the case of secondary amines the amine may 
also be in the form of a 5- or 6-membered heterocycle containing one nitrogen 
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atom. Amides derived from ammonia, C]-C3alkyl primary amines, and 

Ci-C2dialkyl secondary amines are preferred. Amides of the compounds of the 

invention may be prepared according to conventional methods. 

The term "prodrug" refers to compounds that are rapidly transformed 
5 in vivo to yield the parent compound of the above fomiulae, for example, by 

hydrolysis in blood. A thorough discussion is provided in T. Higuchi and 
V. Stella, "Pro-drugs as Novel Delivery Systems," Vol 14 of the 
A.C.S. Symposium Series, and in Bioreversible Carriers in Drug Design, ed. 
Edward B. Roche, American Pharmaceutical Association and Pergamon Press, 

10 1 987; both of which are incorporated herein by reference. 

In addition, the compounds of the present invention can exist in unsolvated 
as well as solvated forms with pharmaceutically acceptable solvents such as water, 
ethanol, and the like. In general, the solvated forms are considered equivalent to 
the unsolvated forms for the purposes of the present invention. 

1 5 The compounds of the present invention can exist in different 

stereoisomeric forms by virtue of the presence of asymmetric centers in the 
compounds. It is contemplated that all stereoisomeric forms of the compounds, as 
well as mixtures thereof including racemic mixtures, form part of this invention. 

The compounds of the present invention can be administered to a patient at 

20 dosage levels in the range of about 0.1 to about 1,000 mg per day. For a normal 

human adult having a body weight of about 70 kilograms, a dosage in the rsmge of 
about 0,01 to about 100 mg per kilogram of body weight per day is preferable. 
The specific dosage used, however, can vary. For example, the dosage can 
depended on a numbers of factors including the requirements of the patient, the 

25 severity of the condition being treated, and the pharmacological activity of the 

compound being used. The determination of optimum dosages for a particular 
patient is well known to those skilled in the art. 

In addition, it is intended that the present invention cover compounds 
made either using standard organic synthetic techniques, including combinatorial 

30 chemistry or by biological methods, such as through metabolism. 
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The examples presented below are intended to illustrate particular 
embodiments of the invention and are not intended to limit the scope of the 
specification, including the claims, in any way. 

The following abbreviations are used throughout this application: 



Pr 


Propyl 


Et 


Ethyl 


HBTU 


2-(lH-ben2otriazoI- 1 yl)- 1 , 1 ,3,3-tetrainethyl uranium 




hexafluorophosphate 


Bz or Bn 


Benzyl 


TFA 


Trifluoroacetic acid 


APCI 


Atmospheric pressure chemical ionization 


NMR 


Nuclear magnetic resonance 


TLC 


Thin layer chromatography - 


HPLC 


High pressTore liquid chromatography 


DMF 


Dimethyl formamide 


iltUAC 


Ethyl acetate 


hrtUrl 


Ethanol 


MS 


Mass spectrum 


DCM 


Dichloromethane 


EtsN 


Triethyl amine 


THF 


Tetrahydrofuran 


IR 


Infrared 


OAc 


Acetate 


bu 


Butyl 


iso-pr 


Iso-propyl 


FMOC 


9-FluorenylmethyIoxycarbonyl 


BOC 


Tertiary butyloxycarbonyl 
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EXAMPLES 

Synthesis: 



Scheme IV below illustrates the preparation of N,N-disubstituted-leucine- 
(OBz)-tyrosine amides (IV) using polymer supported resins in synthesis. The 
preparation of Tyrosine-(0-Ben2yl)-amides (intermediates I) are illustrated in 
Scheme I. The preparation of N,N-dialkyl leucine acids (intermediates II) are 
illustrated in Schemes II and III. 
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Step I: The preparation of Tyrosine-(OBenzyI)-amides (I) 
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Scheme I 




O p 

l.TFA HoN^ U /"^ 

CH2CI2 N 



2. NaHCOg 7/^ 

OBz 

1 




OBz OBz 
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Step II: The preparation of N,N-dialkyl Leucine acids (II) 

Schemes 11 and III illustrate general methods of preparing N,N-dialkyl 
Leucine acids (II). 

Scheme II 



alkylation or 
reductive amination 

\ ► Me^ 

O protecting J\ "protecting 

group r2 O group 





removal of 
protecting group | 

r2^ O 
II 



Scheme III 

^ O reductive O 

amination jj 

Step III: The preparation of N,N-disubstituted-Leucine-(OBz)-Tyrosine 
amides (IV) 

Scheme IV 

1 . morpholine resin (IIIc) isobutyl- 
chlorofomiate CHqC^, 30 minutes i 

2. (OB2)Tyrosine-am"ide (I) 2 hours ^ ^ 

3. isocyanate resin (Illb) amine resin 
(Illa), 2 hours 

jj 4. filu^tion and removal of solvent 





OBz 



98/54123 



PCT/US98/10838 



-39- 



N,N-DialkyI leucine acid [II, 0.1 mmol, 1 equivalent (eq.)] was placed in a 
2 dram vial and morpholine resin (IIIc, 150 mg, 3.6 mmol/g, 5.4 eq.) v^as added. 
The mixture was treated with dichloromethane (1,5 mL) and 
isobutylchloroformate (18 fxL, 1.4 eq.). The vial was capped and shaken for 
30 minutes. The (O-benzyl)-tyrosine amide (I, 0.1 mmol, 1 eq.) was added as a 
solution in dichloromethane (1 mL), and the mixture was shaken for 2 hours. 
Isocyanate resin (Illb, 100 mg, 1.5 mmol/g, 1.5 eq.) and amine resin (Illa, 100 mg, 
1.5 mmol/g, 1.5 eq.) were added, and the mixture was shaken for 2 hours. The 
solids were filtered away through a plug of glass wool in a pipette. The solids 
were rinsed with 1 mL dichloromethane, and the combined solvent volume was 
evaporated under a stream of N2. The product was analyzed by APCI mass 

spectrometry, NMR, TLC (Si02), and HPLC. 



[S-(R*,R*)]-2-Diinethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 



Step 1: The preparation of (S)-2-Amino-3-(4-benzyIoxy-phenyl)-N-tert-butyl- 
propionamide (la) 



EXAMPLE I 



phenyI)-l-tert-butyIcarbamoyl-ethyl]-amide 



Scheme V 



(i-Pr)2EtN 
HBTU 




O = 




OB2 



OBz 



1. TFA 
CH2CI2 




H 





OBz 



la 
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Step i: N-Boc-O-Benzyl-tyrosine (20.0 g, 53.9 mmol) was dissolved in DMF 
(270 mL) and treated with diisopropylethyiamine (19 mL, 108 mmol), tert- 
butylamine (5.7 mL. 53.9 mmol), and HBTU (13.9 g, 53.9 mmol). The reaction 
was stirred for 15 minutes and then diluted with EtOAc (1 L), washed with 
saturated bicarbonate solution (2 x 1 L) and brine (1 L), dried over Na2S04 and 
concentrated to give 22,1 g (92%) of (S)-[2-(4-benzyloxy-phenyl)-l-tert- 
butylcarbamoy^ethyl]-carbamic acid tert-butyl ester. 

MS: 428 (M4-1 for C25H34N2O4); TLC: Si02, Rf 0.49 (10% MeOH/CH2Cl2)- 

Step ii: (S)-[2-(4-Benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-carbamic acid 
tert-butyl ester (6,0 g, 14.1 mmol) was dissolved in CH2CI2 (28 mL) and treated 
with trifluqroacetic acid (28 mL). The reaction was stirred for 20 minutes and then 
concentrated. The residue was diluted with EtOAc (300 mL), washed with 
saturated bicarbonate solution (2 x 300 mL) arid brine (300 mL), dried over 
Na2S04, and concentrated to give 4,2 g (91%) of la, 

MS: 328 (M+1 for C20H26N2O3); TLC: Si02, Rf 0.43 (10% MeOH/CH2Cl2). 
Step 2: The preparation of (S)-2-(DimethyI-amino)-4-inethyl-pentanoic acid 



(S)-2-Amino-4-methyl-pentanoic acid (10.42 g, 80 mmol) was dissolved in 
H2O (120 mL) and treated with formaldehyde (80 mL, 37% solution), and Raney 
Nickel (2 g), and stirred for 21 hours. The solution was concentrated to a solid, 
dissolved in hot EtOH, boiled with charcoal, and filtered through Celite. The 
solution was allowed to cool. Acetone was added, and the solution was placed in 



(Ha) 



Scheme VI 
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the refrigerator. The solution was filtered and the crystals were washed with 
acetone to give 9.7 g (77%) of Ila. 

MS: 160 (M+1 for C8H17N1O2); TLC Si02, Rf 0.04 (12% MeOH/CH2Cl2). 

Step 3: The preparation of Polymer-supported resins (HI) 

5 The preparation of the Polymer-supported tris(2-aminoethyl)amine (Ilia) 

A suspension of Merxifield resin (Fluka, 50 g, 1.7 mmol Cl/g resin, 
85 mmol) in DMF (500 mL) was treated with tris(2-aminoeihyl)amine (50 mL, 
342 mmol). The resulting mixture was shaken at 65°C for 6 hours under 
N2 atmosphere. After cooling to room temperature, the resin was filtered and 
10 washed successively with MeOH, DMF, EtsN, MeOH, DCM, Et3N, MeOH, 

DCM. MeOH, DCM, and MeOH. The resulting amine resin was dried at 45-50°C, 
20 nmiHg for 24 hours, and stored in tightly sealed bottles. Calc'd: N, 8.02; 
CI, 0.00. Found: N, 5.96; CI, 0.42 (indicates approx. 25% cross-linking). A small 
sample reacted with excess 3,4-dichlorophenyl isocyanate in DCM indicates a 
1 5 quenching capacity of 3. 1 8 mmol/g resin, consistent with three-quzirters of the 

N content in the amine resin (Ilia). Calc'd: N, 6.51; CI, 14.15. Found: N, 6,25; 
CI, 13.99. 

The preparation of the Polymer-supported Isocyanate (Illb) 

A suspension of aminomethyl resin (Fluka, 1.1 mmol N/g resin. 15 g, 
20 16,5 mmol) in DCM (150 mL) was treated with Et3N (1 1.5 mL, 83 mmol) and 

triphosgene (3.25 g, 2 mmol equivalents of phosgene) and shaken 5 hours at room 
temperature. The resulting isocyanate resin was filtered and washed DCM 
(2 X 200 mL), CHCL3 (2 x 200 mL), Et20 (1 x 200 mL), THF (1 x 200 mL), 

Et20 (1 x 200 mL), THF (1 x 200 mL), and Et20 (1 x 200 mL). The resin was 

25 then dried at 35-40°C, 25 mmHg for 24 hours. Yield (15 g of Hlb) IR (KBr) 

2260 (N=C=0). Calc'd: C, ; N, ; Found: C, 87.04; N, 1.45. 



The preparation of the Polymer-supported Morpholine (IIIc) 

A suspension of Merrifield resin (Fluka, Ronkankoma, New York, 20 g, 
4.3 mmol Cl/g resin, 86 mmol) in DMF (100 mL) was treated with morpholine 
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(20 mL, 229 mmol). The resulting mixture was shaken at 65°C for 6 hours under 
N2 atmosphere, then allowed to stand at room temperature 24 hours. After cooling 
to room temperature, the resin was filtered and washed successively with MeOH, 
DMF, MeOH, Et3N, DCM, MeOH, Et3N, DCM, MeOH, EtOAc, and Hexanes. 
5 The resulting N-methylmorpholine resin (IIlc) was dried at 45-50''C, 20 mmHg 

for 48 hours, and stored in tightly sealed bottles. Calc'd. N, 4.83; CI, 0,00. Found: 
N, 4,98; CI, 0.21. 

Step 4: Example 1: IS-(R*,R*)]-2-Dimethylainino^-methyI-pentanoic acid 
[2-(4-benzyIoxy-phenyl).l-tert.butyIcarbamoyl-ethyl]-amide 

10 Scheme VII 

1. morpholine resin (IIIc) 
isobutylchlorofonnate . 
CH2CI2, 30 minutes 





2. (OBz)Tyrosine-t-butyl amide (la) 
2 hours 

Ila 3, isocyanate resin (Illb) 

amine resin (Ilia), 2 hours Example 1 

4. filtration and removal of solvent 

N,N-Dimethyl-L-leucine (Ila, 15.9 mg, 0.1 mmol) and morpholine resin 
(111c, 150 mg, 0,54 mmol) were treated with CH2CI2 (1 .5 mL) and 
isobutylchloroformate (1 8 ^L, 0, 14 mmol). The vial was capped and shaken for ' 

15 30 minutes. O-Benzyl-L-tyrosine-t-butyl-amide (la, 32.6 mg, 0.1 mmol) was 

added as a solution in dichloromethane (1 mL), and the mixture was shaken for 
2 hours. Isocyanate resin (Illb, 100 mg, 0.15 mmol) and amine resin (Ilia, 100 mg, 
0.15 mmol) were added, and the mixture was shaken for 2 hours. The solids were 
filtered away through a plug of glass wool in a pipette. The solids were rinsed 

20 with 1 mL dichloromethane, and the combined solvent volume was evaporated 

under a stream of N2 to give 41 mg (88%) of the title compound (Example 1). 
MS: 469 (M+1 for C28H41N3O3); TLC: Si02, Rf 0,56 (10% MeOH/CH2Cl2). 
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[S-(R*,R*)]-2-Diinethylaniino-4-inethyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(piperidine-l-carbonyl)-€thyl]-amide 

Step 1: The preparation of (S)-2-Ainino-3-(4-benzyIoxy-phenyl)-N-(piperidin- 
l-yl)-propionamide (lb): lb is made in accordance in the process of la, except 
piperidine was used instead of t-butylamine. 

Step 2: Example 2: [S-(R*,R*)]-2-Diniethylamino-4-methyI-pentanoic acid 
(2-(4-benzyloxy-phenyI)-l-(piperidine-l-carbonyl)-ethyl]-amide is made in 
accordance with the process of Example 1, except (S)-2-amino-3-(4-ben2yIoxy- 
phenyl)-N-(piperidin-l-yl)-propionamide^Ib) was used instead of (S)-2-amino- 
3 -(4-ben2y loxy-phenyl)-N-tert-buty I-propionamide. 
MS: 481 (M+1 for C29H41N3O3); sticky solid; TLC: Rf 0.52 (10% 

MeOH/CH2Cl2). 

EXAMPLE 3 

[S-(R*,R*)]-2-Dimethylaniino-4-methyl-pentanoic acid I2-(4-benzyIoxy- 
phenyI)-l-(2-piperidin-l-yl-ethylcarbamoyl)-ethyl]-amide 

Step 1: The preparation of (S)-2-Amino-3-(4-benzyIoxy-phenyl)-N- 
(2-piperidin-l-yl-ethyl)-propionainide (Ic): Ic is made in accordance in the 
process of la, except 2-piperidinyl 1-ethylamine was used instead of t-butylamine. 

Step 2: Example 3: [S-(R*,R*)]-2-Dimethylamino-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyI)-l-(2-piperidin-l-yI-ethyIcarbamoyl)-ethyl]-amide is 

made in accordance with the process of Example 1 , except (S)-2-amino- 
3-(4-benzyloxy-phenyl)-N-(2-piperidin-l-yl-ethyl)-propionamide (Ic) was used 
instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 524 (M+1 for C31H46N4O3); sticky solid; TLC: Rf 0.16 (10% 

MeOH/CH2Cl2). 
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EXAMPLE 4 

[S-(R*,R*)]-2-Dimethylainino-4-methyl-pentanoic acid [l-(4-benzyloxy- 
benzyl)-2-(4-benzyI-pipera2in-l-yl)-2-oxo-ethyl]-ainide 

Step 1: The preparation of (S)-2-Amino-3-(4-benzyloxy-phenyl)-l-(4-benzyl- 
pipera2in-l-yl)-propan-l-one (Id): Id is made in accordance in the process of la. 
except 4-ben2yI-pipera2ine was used instead of t-butylamine. 

Step 2: Example 4: [S-(R*3*)]-2-DiinethyIamino-4-methyl-pentanoic acid 
[l-(4-benzyloxy-benzyI)-2-(4-benzyI-pipera2in-l-yl)-2-oxo-ethyI]-amide is 

made in accordance with the process of Example 1 , except (S)-2-amino- 

3-(4-benzyloxy-phenyl)-l-(4-benzyl-piperazin-l-yl)-propan-l-one (Id) was used 

instead of (S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 572 (M+1 for C35H46N4O3); sticky solid; TLC: Rf 0.55 (10% 

MeOH/CH2Cl2). 



15 



20 



25 



EXAMPLE 5 

IS-(R*,R*)]-2-DimethyIamino-4-methyl-pentanoic acid (2-(4-benzyloxy- 
phenyl)-l-(l-benzyI-piperidin-4-yl-carbamoyl)-ethyl]-aniide 

Step 1. (S)-2-Amino-3-(4-benzyIoxy-phenyl)-N-(l-benzyI-piperidin-4-yI)- 
propionamide (le): le is made in accordance with the process of la, except 
4-amino-l-benzyl-piperidine was used instead of t-butylamine. 

Step 2. Example 5: [S-(R*,R*)].2-DimethyIamino-4-methyl-pentanoic acid 

I2-(4-benzyIoxy-phenyI)-l-(l-ben2yI-piperidin-4-yl-carbamoyl)-ethyl]-amide 

is made in accordance with the process of Example 1, except (S)-2-amino- 

3-(4-ben2yloxy-phenyl)-N-(l-benzyl-piperidin-4-yl)-propionamide (le) was used 
instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 586 (M+1 for C36H48N4O3); sticky solid; TLC: Rf 0.44 (10% 
MeOH/CH2Cl2). 
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EXAMPLE 6 

[S-(R*,R*)]-2-Dimethylamino-4-inethyl-pentanoic acid [l-(4-benzyloxy- 
ben2yl)-2-{4-methyl-piperazin-l-yl)-2-oxo-ethyI]-amid€ 

Step 1, (S}-2-Ainino-3-(4-benzyloxy-phenyl)-l-(4-inethyl-piperazin-l-yl)- 
propan-l-one (If): If is made in accordance with the process of la, except 
4-methylpiperazine was used instead of t-butylamine. 

Step 2. Example 44: [S-(R*,R*)]-2-DimethyIamino-4-methyl-pentanoic acid 
[l-{4-benzyloxy-benzyl)-2-(4-methyl-piperazin-l-yI)-2-oxo-ethyl]-amide is 

made in accordance with the process of Example 1 , except (S)-2-amino- 
3-(4-benzyloxy-phenyl)-l-(4-methyl-piperazin-I-yl)-propan-l-one (If) was used 
instead of (S)-2-amino-3-(4-benzyIoxy-phenyl)-N-tert-butyl-propionamide. 
MS: 495 (M+l for C29H42N4O3); sticky solid; TLC: Rf 0.66 (10% 

MeOH/CH2Cl2). 

EXAMPLE 7 

[S-(R*3*)]-4-Methyl-2-[methyI-(3-methyl-butyI)-amino]-pentanoic acid 
[2-(4-benzyIoxy-phenyi)-l-tert-butyIcarbamoyl-ethyI]-amide 



Step 1: The preparation of (S)-4-Methyl-2-(methyl-(3-methy!-butyl)-amino]- 
pentanoic acid lib) 
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Scheme VTII 
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1 . Isovaleraldehyde 
CH2CI2 

2. NaBH(OAc)3 




10 




lib 

SteEj: N-Methyl-O-benzyl-L-Ieucine p-tosylate salt (4.01 g, 9.84 mmol) was 
dissolved in CH2CI2 (50 mL) and treated with isovaleraldehyde (1.06 mL, 
9.84 mmol). The reaction was stirred at room temperature for 30 minutes and then 
cooled to 0°C. Sodium triacetoxyborohydride (3.13 g, 14.8 mmol) was added, and 
the reaction was allowed to warm to room temperature and stir overnight. The 
reaction was diluted with CH2CI2 (400 mL). The organic layer was washed twice 
with saturated bicarbonate solution (2 x 400 mL), once with brine (400 mL), and 
then dried over Na2S04. The solution was filtered, concentrated, and the crude 
material chromatographed on silica gel eluting with 10% EtOAc/hexanes to give 

2.86 g (90%) of (S)-4-methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
benzyl ester as a pale oil. 

MS: 306 (M+1 for C19H31N1O2); TLC: Si02, Rf 0.33 (10% EtOAc/hexanes). 

1 5 Stepji: (S)-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid benzyl 

ester (0.89 g, 2.89 mmol) was dissolved in THF (75 mL) and shaken with 20% 
Pd/C (0.1 g) under an H2 atmosphere (52 psi) for 30 minutes. The catalyst was 
removed by filtration through a pad of Celite, and the solution was concentrated to 
give 0.50 g (81%) of lib as a white solid. 
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MS: 216 (M+1 for C12H25N1O2); TLC: Si02, Rf 0.32 (10% MeOH/CH2Cl2). 

Step 2: Example 6: (S-(R*,R*)]-4-Methyl-2-[methyI-(3-methyI-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-€thyl]-amide is 

made in accordance with the process of Example 1, except N-(3-methyl-butyl)-N- 
5 methyl-leucine (lib) was used instead of N,N-dimethyI-L-leucine. 

MS: 525 (M^l for C32H49N3O3); sticky solid; TLC: Rf 0.53 (10% 
MeOH/CH2Cl2). 



EXAMPLE 8 

[S-(R*,R*)]-4-Methyl-2-[niethyl-(3-methyl-butyl)-ainino]-pentanoic acid 
1 0 [l-(4-ben2yloxy-benzyl)-2-oxo-2-piperiain-l-yl-ethyl]-amide is made in 

accordance with the process of Example 1, except N-(3-methyl-butyI)-N-methyl- 
leucine (lib) was used instead of N,N-dimethyl-L-leucine, and (S)-2-amino- 
3-(4-ben2yloxy-phenyl)-N-(piperidin-l-yl)-propionamide (lb) was used instead of 
(S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide. 
15 MS: 537 (M+1 for C33H49N3O3); sticky solid; TLC: Rf 0.53 (10% 

MeOH/CH2Cl2). 

EXAMPLE 9 

(S-(R*,R*)]-4-Methyl-2-[methy!-(3-methyI-butyI)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l.(2-piperidin-l-yI-ethylcarbamoyl)-ethyl].amide is 

20 made in accordance with the process of Example 1 , except N-(3-methyl-butyl)- 

N-methyl-Ieucine (lib) was used instead of N,N-dimethyl-L-leucine, and (S)-2- 
amino-3-(4-ben2:yloxy-phenyI)-N-(2-piperidin-l-yl-ethyl)-propionamide (Ic) was 
used instead of (S)-2-amino-3-(4-benzyloxy-phenyI)-N-tert-butyl-propionamide. 
MS: 580 (M+1 for C35H54N4O3); sticky solid; TLC: Rf 0.29 (10% 

25 MeOH/CH2Cl2). 



EXAMPLE 10 

[S-(R*,R*)]-4-Methyl-2-(methyI-(3-mcthyl-butyl)-ainino]-pentanoic acid 
[l-(4-benzyloxy-benzyl)-2-(4-ben2yl-pipera2in-l-yI)-2-oxo-ethyll-ainide is 
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made in accordance with the process of Example 1, except N-(3-methyI-butyl)-N- 
methyl-leucine (lib) was used instead of N,N-dimethyl-L-leucine, and 
(S)-2-ainino-3-(4-ben2yloxy-phenyI)- 1 -(4-ben2yl-pipera2in- 1 -yl)-propan- 1 -one 
(Id) was used instead of (S)-2-amino-3-(4-benzyIoxy-phenyl)-N-tert-butyl- 
5 propionamide. 

MS: 628 (M+1 for C39H54N4O3); sticky solid; TLC: Rf 0.52 (10% 
MeOH/CH2Cl2). 



EXAMPLE 1 1 

{S-(R*4i*)]-4-Methyl-2-(inethyl-(3-inethyl-butyI)-amino]-pentanoic acid 
1 0 I2-(4-benzyIoxy-phenyl)-l-(l-benzyl-piperidin-4-y IcarbamoyI)-ethyl]-amide is 

made in accordance with the process of Example 1, except N-(3-methyl-butyl)-N- 
methyl-leucine (lib) was used instead of N,N-dimethyl-L-Ieucine, and (S)-2- 
amino-3-(4-ben2yloxy-phenyl)-N-( 1 -benzyl-piperidin-4-yI)-propionamide (le) 
was used instead of (S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl- 
15 propionamide. 

MS: 642 (M-i-1 for C40H56N4O3); sticky solid; TLC: Rf 0.45 (10% 
MeOH/CH2Cl2). 

EXAMPLE 12 

[S-(R*,R*)]-4-Methyl-2-[methyI-(3-methyl-butyl)-amino]-pentanoic acid 
20 [l-(4-benzyloxy-ben2yI)-2-(4-methyl-piperazin-l-yl)-2-oxo-ethyl]-amideis 

made in accordance with the process of Example 1 , except N-3-methyl-butyl)-N- 
methyl-leucine (lib) was used instead of N,N-dimethyl-L-leucine, and (S)-2- 
amino-3-(4-benzyIoxy-phenyl)-l-(4-methyl-piperazin- 1 -yl)-propan-l-one (If) was 
used instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 
25 MS: 550 (M+1 for C33H50N4O3); sticky solid; TLC: Rf 0.54 (10% 

MeOH/CH2Cl2). 

EXAMPLE 13 

(S-(R*,R*)]-2-((4-tert-Butyl-benzyl)-inethyI-aniino]-4-methyl-pentanoic acid 
I2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide 
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Step 1: The preparation of (S)-2-(4-tert-butyibenzyl-inethyl-amino)-4.inethyl- 
pentanoic acid (lie) 



Scheme IX 




5 Step i : (S)-4-Methyl-2-methylainino-pentanoic acid (15 g, 103 mmol) was 

dissolved in dioxane (100 mL), cooled to 0°C, then treated with H2SO4 (10 mL) 
and isobutylene (100 mL). The mixture was stirred and allowed to come to room 
temperature over 1 hour. The reaction was vented and poured into a rapidly stirred 
mixture of KOH (20.7 g) in water, ice, and ether. The solution was filtered, and 
10 more ether was added. The organic layer was dried over Na2S04 and 

concentrated to give -19.41 g (94%) of (S)-4-methyl-2-methylamino.pentanoic 
acid tert-butyl ester. 

MS: 202 (M+1 for C] 1H23N1O2); TLC Si02, Rf 0,52 (10% MeOH/CH2Cl2). 



Step ii : (S)-4-Methyl-2-methylamino-pentanoic acid tert-butyl ester (6 g, 
1 5 29.8 mmol) was dissolved in THF (250 mL) and treated with 

diisopropylethylamine (7.8 mL, 44.7 mmol) and p-t-butyl-benzyl bromide 

(6.03 mL, 32.8 mL). The reaction was heated to 40°C overnight, then filtered and 
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concentrated. The residue was chromatographed on silica gel eiuting with 5% 
EtOAc/hexanes to give 5.1 g (50%) of (S)-2-[(4-tert-Butyl-ben2yI)-methyl- 
ainino]-4-methyl-pentanoic acid tert-butyl ester. 

MS: 349 (M+1 for C32H37N1O2); TLC SiOs, Rf 0.79 (25% EtOAc/hexanes). 

5 Step iii : (S)-2-[(4-tert-Butyl-benzyI)-methyl-amino]-4-methyI-pentanoic acid tert- 

butyl ester (0.5 g, 1.4 mmol) was dissolved in CH2CI2 (10 mL) and treated with 
TFA (1 mL). After 1 hour, 0.5 mL TFA was added, followed by anotherl mL 
TFA at 2.5 hours. The reaction was stirred overnight, then concentrated to give 
(S)-2-[(4-tert-butyl-benzyl)-methyl-amino]-4-methyl-pentanoic acid (lie). 
10 MS: '292 (M+1 for C18H27N1O2); mp: 110-112°C; TLC Si02, Rf 0.5 (12% 

MeOH/CH2Cl2). 



Step 2: Example 11: [S-(R*,R*)]-2-[(4-tert-ButyI-benzyI)-methyi-amino]- 
4-methyI-pentanoic acid [2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl- 
ethyl]-ainide is made in accordance with the process of Example 1, except 

N-(4-tert-butylben2yl)-N-methyl-Ieucine (lie) was used instead of N,N-dimethyl- 
L-leucine. 

MS: 601 (M+1 for C38H53N3O3); mp 98-99°C; TLC: Rf 0.70 (10% 
MeOH/CH2Cl2). 



EXAMPLE 14 

(S-(R*,R*)]-2-((4-tert-Butyl-benzyI)-niethyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)-l-(piperidine-l-carbonyl)-ethyl]-aniide is made in 
accordance with the process of Example 1, except N-(4-tert-butylbenzyl)-N- 
methyl-Ieucine (lie) was used instead of N,N-dimethyl-L-leucine, and 
(S)-2-amino-3-(4-ben2yIoxy-phenyl)-N-(piperidin- 1 -yl)-propionamide (lb) was 
used instead of (S)-2-amino-3-(4-ben2yioxy-phenyl)-N-tert-butyl-propionamide. 
MS: 613 (M+1 for C39H53N3O3); sticky solid; TLC: Rf 0.60 (10% 
MeOH/CH2Cl2). 
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EXAMPLE 15 

[S-(R*,R*)]-2-[(4-tert-Butyl-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
l2-(4-benzyloxy-phenyI)-l-(2-piperidin-l-yI-ethyIcarbamoyl)-ethyI]-amide is 

made in accordance with the process of Example 1 , except N-(4-tert-butylbenzyl)- 
5 N-methyl-leucine (lie) was used instead of N,N-dimethyl-L-leucine, and 

(S)-2-amino-3-(4-benzyloxy-phenyl)-N-(2-piperidin-l-yl-ethyl)-propionamide 
(Ic) was used instead of (S)-2-amino-3-(4-benzyIoxy-phenyI)-N-tert-butyl- 
propionamide. 

MS: 656 (M+1 for C41H58N4O3); mp 95-96 °C; TLC: Rf 0.17 (10% 
10 MeOH/CH2Cl2). 



EXAMPLE 16 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyl-aniino]-4-methyI-pentanoic acid 
[l-(4-benzyloxy-benzyl)-2-(4-benzyl-pipera2in-l-yI)-2-oxo-ethyl]-aniide is 

made in accordance with the process of Example 1, except N-(4-tert-butylben2yl)- 
15 N-methyl-leucine (lie) was used instead of N,N-dimethyl-L- leucine, and 

(S)-2-amino-3-(4-benzyloxy-phenyl)- 1 -(4-benzyl-piperazin- 1 -yl)-propan- 1 -one 
(Id) was used instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl- 
propionamide, 

MS: 704 (M-fl for C45H58N4O3); sticky sohd; TLC: Rf 0.57 (10% 
20 MeOH/CH2Cl2). 

EXAMPLE 17 

[S-(R*Jl*)]-2-[(4-t€rt-Butyl-benzyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(l-benzyl-piperidin-4-yl-carbanioyI)-ethyI]-aniide 

is made in accordance with the process of Example 1, except N-(4-tert- 
25 butylbenzyl)-N-methyl-leucine (lie) was used instead of N,N-dimethyl-L-leucine, 

and (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-( 1 -ben2yl-piperidin-4-yl)- 
propionamide (le) was used instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N- 
tert-butyl-propionamide. 

MS: 718 (M+l for C46H60N4O3); mp 93-95 X; TLC: Rf 0.43 (10% 
30 MeOH/CH2Cl2). 
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EXAMPLE 18 

(S-(R*,R*)]-2-[(4-tert-ButyI-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[l-{4-ben2yloxy-benzyI)-2-(4-methyl-pipera2in-l-yl)-2-oxo-ethyl]-amide is 

made in accordance with the process of Example 1 , except N-(4-tert-butyIbenzyI)- 
5 N-methyl-leucine (He) was used instead of N,N-dimethyl-L-Ieucine, and (S)-2- 

aniino-3-(4-benzyloxy-phenyl)- 1 -(4-methyl-pipera2in- 1 -yl)-propan- 1 -one (If) was 
used instead of (S)-2-amino-3-(4-benzyloxy-phenyI)-N-tert-butyl-propionamide. 
MS: 615 (M+1 for C38H54N4O3); sticky solid; TLC: Rf 0.58 (10% 

MeOH/CH2Cl2). 

10 EXAMPLE 19 

[S-(R*,R*)]-2-(Cyclohexyl-methyl-amine)-4-inethyl-pentanoic acid 
(2-(4-benzyloxy-phenyI)-l-tert-butylcarbamoyl-ethyl]-ainide 

Step 1: The preparation (S)-2-(CyclohexyI-methyl-amino)-4-methyI- 
pentanoic acid (lid) 

15 Scheme X 




lid 



Step i : N-Me-O-Benzyl-L-Leucine (3.6 g, 15.3 mmol) was dissolved in THF 

(77 mL) and treated with diisopropylethylamine (21 mL, 122 mmol) and 3-bromo- 

cyclohexene (3.5 mL, 30,6 mmol). The reaction was heated to 50°C for 2 days. 
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The reaction was filtered, and the solution was concentrated. The residue was 
chromatographed on silica gel eluting with 8% ethyl acetate/hexanes to give 
2.75 g (57%) of (S)-2-(cyclohexenyl-methyl-aniino)-4-methyl-pentanoic acid 
benzyl ester. 

5 MS: 317 (M+1 for C20H29N1O2); TLC: Si02, Rf 0.86 (10% MeOH/CH2Cl2). 

Step ii : (S)-2-(Cyclohexenyl-methyl-amino)-4-methyl-pentanoic acid benzyl ester 
(2.87 g, 9.10 mmol) was dissolved in THF (50 mL) and shaken with 20% Pd/C 
(0.2 g) under an H2 atmosphere for 4 hours. The catalyst was removed by 

filtration through a pad of Celite, and the solution was concentrated to give 1 .44 g 
1 0 (70%) of Ild as a white solid. 

MS: 228 (M+1 for C13H25N1O2); TLC:"Si02, Rf 0.27 (10% MeOH/CH2Cl2). 

Step 2: Example 19: {S-(R*JR*)]-2-(Cyclohexyl-methyl-amino)-4-methyl- 
pentanoic acid l2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide is 

made in accordance with the process of Example 1, except N-cyclohexyl-N- 
15 methyl-Ieucine (lid) was used instead of N,N-dimethyl-L-leucine. 

MS: 537 (MH-I for C33H49N3O3); sticky solid; TLC: Rf 0.57 (10% 

MeOH/CH2Cl2). 

EXAMPLE 20 

(S-(R*,R*)]-2-(CycIohexyl-methyl-amino)-4-methyl-pentanoic acid 
20 (2-(4-benzyloxy-phenyl)-l-(piperidine-l-carbonyl)-ethyl]-amide is made in 

accordance with the process of Example 1, except N-cyclohexyl-N-methyl-leucine 
(lid) was used instead of N,N-dimethyl-L-leucine, and (S)-2-amino- 
3-(4-benzyloxy-phenyl)-N-(piperidin-l-yl)-propionamide (lb) was used instead of 
(S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide, 
25 MS: 549 (M+l for C34H49N3O3); sticky solid; TLC: Rf 0.52 (10% 

MeOH/CH2Cl2). 
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EXAMPLE21 

[S-(R*,R*)]-2-(CyclohexyI-methyl-ainino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyI)-l-(2-piperidin-l-yl-ethylcarbamoyl)-ethyI]-amide is 

made in accordance with the process of Example 1, except N-cyclohexyl-N- 
methyl-leucine (lid) was used instead of N,N-dimethyl-L-leucine, and (S)-2- 
amino-3-(4-ben2yloxy-phenyl)-N-(2-piperidin-l -yl-ethyl)-propionamide (Ic) was 
used instead of (S)-2-amino-3-(4-benzyloxy-phenyI)-N-tert-butyl-propionaniide. 
MS: 592 (M+1 for C36H54N4O3); sticky solid; TLC: Rf 0.29 (10% 
MeOH/CH2Cl2). 



EXAMPLE 22 

IS-(R*,R*)]-2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[l-(4-benzyloxy-benzyl)-2-(4-ben2yl-piperazin-l-yl)-2-oxo-ethyl]-amide is 
made in accordance with the process of Example 1 , except N-cyclohexyl-N- 
methyl-Ieucine (Ild) was used instead of N,N-dimethyl-L-leucine, and (S)-2- 
amino-3-(4-benzyloxy-phenyl)- 1 -(4-benzyI-pipera2in- 1 -yl)-propan- 1 -one (Id) was 
used instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 640 (M+1 for C40H54N4O3); sticky solid; TLC: Rf 0.53 (10% 
MeOH/CH2Cl2). 

EXAMPLE 23 

(S-(R*4l*)]-2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(l-benzyI-piperidin-4-ylcarbamoyl)-efhyl]-ainide is 

made in accordance with the process of Example 1 , except N-cycIohexyl-N- 
methyl-leucine (lid) was used instead of N,N-dimethyI-L-leucine, and (S)-2- 
amino-3-(4-ben2yloxy-pheny l)-N-( 1 -benzyl-piperidin-4-y 1 )-propionamide (le) 
was used instead of (S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl- 
propionamide. 

MS: 654 (M+1 for C4]H56N403); sticky solid; TLC: Rf 0.49 (10% 
MeOH/CH2Cl2) 
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EXAMPLE 24 

[S-(R*JR*)]-2-(Cyclohexyl-methyI-ainino)-4-methyI-pentanoic acid 
(l-(4-benzyIoxy-ben2yI)-2-(4-methyl-piperazin-l-yl)-2-oxo-ethyl]-amide is 

made in accordance with the process of Example 1 , except N-cyclohexyl-N- 
5 methyl-leucine (Ild) was used instead of N,N-dimethyl-L-leucine, and (S)-2- 

amino-3-(4-ben2yloxy-phenyl)- 1 -(4-methyl-piperazin- 1 -yl)-propan- 1 -one (If) was 
used instead of (S)-2-amino-3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 563 (M+1 for C34H50N4O3); sticky solid; TLC: Rf 0.53 (10% 

MeOH/CH2Cl2). 

10 EXAMPLE 25 

[S-(R*,R*)]-2-(CyclohexyImethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyI)-l-tert-butyIcarbanioyl-ethyl]-amide 

Step 1: The preparation of (S)-2-(CycIohexylmethyl-methyI-amino)-4-inethyl- 
pentanoic acid (lie): He is made in accordance with the process of lib, except 
1 5 cyclohexanecarboxaldehyde was used instead of isovaleraldehyde. 

Step 2: Example 25: [S-(R*,R*)]-2-(CycIohexyIniethyl-methyl-amino)- 
4-methyl-pentanoic acid [2-(4-benzyloxy-phenyI)-l-tert-butylcarbamoyl- 
ethylj-amide is made in accordance with the process of Example 1, except (S)-2- 
(cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid (He) was used instead 
20 of N,N-dimethyI-L-leucine. 

MS: 550 (M+1 for C34H51N3O3); sticky solid; TLC: Rf 0.50 (10% 
MeOH/CH2Cl2). 



EXAMPLE 26 

[S-(R*,R*)]-2-(CyclohexyimethyI-methyl-amino)-4-niethyl-pentanoic acid 
25 I2-(4-benzyloxy-phenyl)-l-(piperidine-l-carbonyl)-ethyl]-amide is made in 

accordance with the process of Example 1, except (S)-2-(cyclohexylmethyl- 
methyl-amino)-4-methyl-pentanoic acid (lie) was used instead of N,N-dimethyl- 
L-leucine, and (S)-2-amino-3-(4-benzyloxy-phenyl)-N-(piperidin- 1 -yl)- 



wo 98/54123 

PCTAJS98/10838 

-56- 

propionamide (lb) was used instead of (S)-2-amino-3-(4-ben2yIoxy-phenyl)-N- 
tert-butyl-propionamide. 

MS: 562 (M+1 for C35H51N3O3); sticky solid; TLC: Rf 0.46 (10% 
MeOH/CH2Cl2). 



EXAMPLE 27 

(S-(R*,R*)]-2-(CyclohexyImethyl-methyl-ainino)-4-niethyl-pentanoic acid 

[2-(4-ben2yloxy-phenyl)-l-(2-piperidin-l-yl.ethylcarbamoyl)-ethylJ-amide is 

made in accordance with the process of Example 1, except (S)-2- 

(cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid (lie) was used instead 

of N,N-dimethyl-L-leucine, and (S)-2-amino-3-(4-ben2yloxy-phenyl).N- 

(2-piperidin-l-yl-ethyl)-propionamide (Ic> was used instead of (S)-2-amino- 

3-(4-benzyloxy-phenyI)-N-tert-butyl-propionamide. 

MS: 605 (M+1 for C37H56N4O3); sticky solid; TLC: Rf 0.23 (10% 

MeOH/CH2Cl2). 



EXAMPLE 28 

[S-(R*,R*)]-2-(CycIohexyImethyl-methyl-amino)-4-inethyl-pentanoicacid 

[l-(4-benzyIoxy-benzy!)-2-(4-benzyI-piperazin-l.yI)-2-oxo-ethyI]-ainideis 

made in accordance with the process of Example 1 , except (S)-2- 

(cyclohexylmethyI-methyi-amino)-4-methyI-pentanoic acid (He) was used instead 

of N,N-dimethyl-L-leucine, and (S)-2-amino-3-(4-benzyloxy-phenyl)- 

l-(4-ben2yl-piperazin-l-yl)-propan-l-one (Id) was used instead of (S)-2-amino- 

3-(4-ben2yloxy-phenyl)-N-tert-butyl-propionamide. 

MS: 653 (M+1 for C41H56N4O3); sticky solid; TLC: Rf 0.49 (10% 

MeOH/CH2Cl2). 



EXAMPLE 29 

[S-(R*,R*)]-2-(CycIohexyiinethyl-methyl-ainino)-4-inethyl-pentanoicacid 

[2-(4-benzyloxy-phenyl)-l-(l-benzyl-piperidin-4-yIcarbamoyl)-ethyl]-amide is 

made in accordance with the process of Example 1, except (S)-2- 

(cyclohexylmethyl-methyi-amino)-4-methyl-pentanoic acid (He) was used instead 
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of N,N-dimethyl-L-leucine, and (S)-2-amino-3-(4-benzyloxy-phenyl)-N- 

(l-ben2yl-piperidin-4-yI)-propionamide (le) was used instead of (S)-2-amino- 

3-(4-benzyloxy-phenyl)-N-tert-butyl-propionainide. 

MS: 665 (M+1 for C42H56N4O3); sticky solid; TLC: Rf 0.34 (10% 

MeOH/CH2Cl2). 



EXAMPLE 30 

[S-(R*,R*)]-2-(CycIohexylniethyl-methyl-aniino)-4-methyl-pentanoic acid 
Il-(4-benzyIoxy-benzyl)-2-(4-methyl-pipera2in-l-yl)-2-oxo-ethyl]-amide is 
made in accordance with the process of Example 1, except (S)-2- 

1 0 (cyclohexylmethyl-methy l-amino)-4-methyl-pentanoic acid (He) was used instead 

of N,N-dimethyl-L-leucine, and (S)-2-amino-3-(4-benzyloxy-phenyl)- 
l-(4-methyl-piperazin-l-yl)-propan-l-one (If) was used instead of (S)-2-amino- 
3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide. 
MS: 553 (M+1 for C33H52N4O3); sticky solid; TLC: Rf 0.54 (10% 

15 MeOH/CH2Cl2). 
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General Procedure for the Preparation of Substituted Peptidylamines (IV) 
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EXAMPLE 31 

{S-(R*,R*)]-3-(4-BenzyIoxy-phenyl)-2-[4-methyl-2-(3-methyl-but- 
2-enyiainino)-pentanoylainino]-propionic acid tert-butyl ester 



wo 98/54123 



-59- 



PCT/US98/10838 




0 



wo 98/54123 „ 

PCT/US98/10838 

-60- 

Step 1: The preparation of (S)-2-Amino-3-{4-benzyloxy-phenyI)-propionic 
acid tert-butyl ester 

A solution of L-tyrosine-OBn (50.0 g, 0.1 84 mol) was dissolved in 
dioxane (500 mL). The reaction vessel was charged with isobutylene (500 mL) 
and concentrated sulfuric acid (50 mL). The reaction vessel was sealed and shaken 
for 64 hours. The reaction mixture was vented and poured into a rapidly stirring 
mixture of KOH (104 g) in ice water 1000 mL. The resulting mixture was 
extracted into ether (5 x 200 mL). and the combined organic extracts were dried 
(MgS04), filtered, and concentrated. The residue was purified by chromatography 
(silica gel, 2:1 CHCls/EtOAc). The residue obtained from the chromatography 
solidified on standing to give the product as a tan solid (35.3 g, 59%). 



Step 2: The preparation of 3-(4-Benzyloxy-phenyl)-2-{2-((9H-fluoren- 
9-ylmethyI)-ainino]-4-methyl-pentanoylainino} propionic acid tert-butyl ester 

A solution of FMOC-leucine (1 0.3 g, 29 mmol) in 300 mL of DMF was 
5 cooled to 0°C and treated with diisopropylethyi amine (73 mL) and HBTU 

(1 1.1 g, 29.2 mmol). The resulting solution was stirred at 0°C for 30 minutes and 
treated with (S)-amino-3-(4-benzyloxy-phenyl) propionic acid tert-butyl ester 
(1 10 g, 36.9 mmol). The resulting solution was stirred for 30 minutes at 0°C and 
warmed to room temperature. The reaction mixture was poured into 500 mL of 
ether and washed sequentially with IN aqueous HCl, saturated aqueous NaHCOs 
(100 mL), and brine (5 x 1 00 mL). The organic phase was collected, dried 
MgS04 and concentrated to near dryness. The residue was triturated with hexane. 
The product was collected by suction filtration and air dried to give the title 
compound as a white solid (12.16 g, 70%) mp 158-160°C. 
Analysis Calculated for C41H46N2O6: 

C, 74.30; H, 7.00; N, 4.23. 
Found: C, 74.21 ; H, 7.25; N, 4.20. 
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Step 3: The preparation of 2-{2-Aniino-4-methyl-peiitanoylamino}- 
3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 

A solution of 3-(4-beiizyloxy-phenyl)-2.{2-[(9H-fluoren-9-ylmethyl)- 
amino]-4-methyl pentanoylamino} -propionic acid tert-butyl ester (12,2 g, 
20.0 mmol) in 500 mL of tetrahydrofuran was treated with piperidine (80 mL). 
The resulting solution was stirred at room temperature for 48 hours. The reaction 
mixture was concentrated and the residue purified by chromatography (Si02, 
gradient elution EtOAc - 15% EtOH/EtOAc). The resulting yellow solid was 
broken up in heptane to give the title compound as a white solid (6.77 g, 77%). 



10 Step 4: Example 31: [S-(R*,R*)l-3-(4-BenzyIoxy-phenyI)-2-[4.methyI-2-(3- 

methy l-but-2-enylamino)-pentanoyIamrao]-propionic acid tert-butyl ester 
A mixture of 2-{2-amino-4-methyl-pentanoylamino}-3-(4-benzyloxy- 
phenyl)-propionic acid tert-butyl ester (2mmol), diisopropyl ethylamine 
(3 mmol), l-bromo-3-methyI-2-butene (3 mmol) and anhydrous THF (30 mL) was 

15 stirred at 25°C for 6 hours. The precipitate was filtered off. The reaction mixture 

was concentrated and purified by colunm chromatography on silica gel eluting 
with 25% EtOAc/hexanes to give the titled compound (600 rag, 60% yield) 
MS: 510 (M+l for C31H44N2O4); mp 70-71°C; TLC: Rf 0,3 (25% 
EtOAc/hexanes). 

20 EXAMPLE 32 

[S-(R*,R*)]-3-(4-BenzyIoxy-phenyl)-2-[2-(4-tert-butyl-benzylamino)- 
4-methyI-pentanoylamino]-propionic acid tert-butyl ester is made in 
accordance with the process of Example 31, except 4-tertbutylben2ylbromide was 
used instead of l-bromo-3-methyl-2-butene, 

25 MS: 588 (M+1 for C37H50N2O4); mp 89-90°C; TLC: Rf 0.3 (20% 

EtOAc/hexanes). 
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EXAMPLE 33 

IS-(R*,R*)]-2-(2-Benzylainino-4-methyl-pentanoylamino)-3-(4-benzyIoxy- 
phenyl)-propionic acid tert-butyl ester is made in accordance with the process 
of Example 47, except benzylbromide was used instead of l-bromo-3-methyl- 
2-butene. 

MS: 532 (M+1 for C33H42N2O4); mp 66-67°C; TLC: Rf 0.7 (33% 
EtOAc/hexanes). 



EXAMPLE 34 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyI)-ainino]-pentanoic acid 
l2-(4-benzyIoxy-phenyI)-l-tert-butyIcarbamoyl-ethyI]-ainide 
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Step 1: Example 35: [S-(R*,R*)]-4-Methyl-2-methylamino-pentanoic acid 
[2-(4-beii2yIoxy-phenyI)-l-tert-butyIcarbamoyl-ethyI]-ainide 

SteEj: (S)-2-Ainino-3-(4-benzyIoxy-phenyl)-N-tert-butyl-propionamide (7.0 g, 
21.4 mmol) (la) was dissolved in CH3CN (75 mL) and treated with 

diisopropylethylamine (3.72 mL. 21 .4 mmol), N-Boc-N-Me-L-leucine (3.51 g, 

14.3 mmol), and HBTU (5.42 g. 14.3 mmol). The reaction was stirred for 

30 minutes and then concentrated. The residue was dissolved in EtOAc (300 mL), 

washed with saturated bicarbonate solution (2 x 300 mL) and brine (300 mL), 

dried over Na2S04, and concentrated. The crude material was chromatographed 

on silica gel eluting with 25% EtOAc/hexanes to give 7.0 g (88%) of 

{ l-[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylcarbamoyl]-3-methyl- 

butyl}-methyl-carbamic acid tert-butyl ester. 

MS: 554 (M+1 for C32H46N3O5); TLC: Si02, Rf 0.26 (8% MeOH/ CH2CI2). 

Ste^: Example 35: IS-(R*,R*)].4-MethyI-2-methyIamino-pentanoic acid 
[2-(4-benzyIoxy-phenyI)-l-tert-butyIcarbamoyl-efhyI]-amide 

{ 1 -[2-(4-Benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylcarbamoyl]- 
3-methyl-butyl}-methyl-carbamic acid tert-butyl ester (4.0 g, 7.24 mmol) was 
dissolved in CH2CI2 (24 mL) and treated with trifluoroacetic acid (16 mL). The 
reaction was stirred for 15 minutes, then concentrated, diluted with EtOAc 
(300 mL), washed with bicarbonate solution (3 x 300 mL) and brine (300 mL), 
dried over Na2S04, and concentrated. The crude material was chromatographed 
on silica gel eluting with 8% MeOH/CH2Cl2 to give 2.8 g (85%) of Example 35. 
The hydrochloride salt of Example 34 was prepared by dissolving the free base in 
Et20, adding 1 M HCl in Et20, and concentrating the solution in vacuo. 
MS: 454 (M+1 for C27H38N3O3); TLC: SiOs. Rf 0.19 (8% MeOH/ CH2CI2). 
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Step 2: Example 34: [S-(R*,R*)]-4-Methyl-2-(methyI-(3-methyl-butyl)- 
amino]-pentanoic acid (2-(4-benzyloxy.phenyl)-l-tert-butylcarbamoyl-ethyI]- 
amide 

The HCl salt of Example 35 (0.5 g, 1 .0 mmol) was dissolved in CH2CI2 
5 (5 mL) and treated with isovaleraldehyde (0.1 1 mL, 1.0 mmol). The reaction was 

stirred for 30 minutes, then cooled to O^'C and treated with sodium 
triacetoxyborohydride (0.32 g, 1,5 mmol). The reaction was allowed to warm to 
room temperatxire and stir overnight. The reaction was diluted with CH2CI2 
(100 mL), washed v^th saturated bicarbonate solution (2 x 100 mL) and brine 
10 (100 mL), dried over Na2S04, and concentrated. The residue was 

chromatographed on silica gel eluting with 8% acetone/CH2Cl2 to give 0.27 g 
(52%) of the title compound. 

MS: 525 (M+1 for C32H49N3O3); sticky solid; TLC: Si02, Rf 0.53 (10% 
MeOH/CH2Cl2). 

EXAMPLE 36 

[S-(R*,R*)]-2-[(33-Dimethyl-butyI)-methyl-araino]-4-inethyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide is made in 
accordance with the process of Example 34, except 33-dimethylbutyraldehyde 
was used instead of isovaleraldehyde. 

MS: 539 (M+1 for C33H51N3O3); sticky solid; TLC: Rf 0.55 (50% 
hexanes/Et O Ac) . 

EXAMPLE 37 

[S-(R*,R*/S*)]-2-DiethyIamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-tert-butylcarbamoyl-ethyl]-amide is made in accordance with the 
25 process of Example 34, except acetaldehyde was used instead of isovaleraldehyde 

and N-Boc-N-Methyl-(D,L)-Leucine was used instead of N-Boc-N-methyl-L- 
leucine for the intermediates preparation. 

MS: 501 (M+l for C30H45N3O3); sticky solid; TLC: Rf 0.4 (50% 
hexanes/EtOAc). 



15 
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EXAMPLE 38 

[S-(R*,R*)]-2-[(4-tert-ButyI-cyclohexyl)-methyl-aniinoI-4-methyl-pentanoic 
acid l2-{4-benzyIoxy-phenyI)-l-tert-butyIcarbamoyl-ethyl]-amide is made in 
accordance with the process of Example 34, except 4-tert-butyl-cyclohexanone 
was used instead of isovaleraldehyde. 

MS: 473 (M+l for C27H57N3O3); sticky solid; TLC: Rf 0.7 (66% 
hexanes/EtOAc). 

EXAMPLE 39 

[S-(R*,R*)]-4-Methyl-2-{methy!-(4-methyl-cyclohexyI)-ainino]-pentanoicacid 
(2-(4-benzyloxy-phenyI)-l-tert-butylcarbainoyl-ethyI]-ainide is made in 
accordance with the process of Example 34, except 4-methyl-cyclohexanone was 
used instead of isovaleraldehyde. 

MS: 550 (M+l for C34H5]N303); sticky solid; TLC: Rf 0.4 (66% 
hexanes/EtOAc). 

EXAMPLE 40 

[S-(R*,R*)]-2-[(4-Dimethylainino-benzyl)-methyl-ainino]-4-methyl-pentanoic 

acid [2-{4-benzyIoxy-phenyl)-l-tert-butyIcarbamoyl-ethyI]-amide is made in 

accordance with the process of Example 34, except 4-(dimethylamino)- 

benzaldehyde was used instead of isovaleraldehyde. 

MS: 588 (M+l for C36H50N4O3); sticky solid; TLC: Rf 0.2 (66% 

hexanes/EtOAc). 



EXAMPLE 41 

(S-(R*,R*)l-2-(ButyI-methyl-ainino)-4-methyl-pentanoic acid 
I2-(4-benzyIoxy-phenyl)-l-tert-butyIcarbamoyI-ethyll-amide is made in 
accordance with the process of Example 34, except n-butyraldehyde was used 
instead of isovaleraldehyde. 

MS: 511 (M+l for C31H47N3O3); sticky solid; TLC: Rf 0.5 (50% 
hexanes/EtOAc). 
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EXAMPLE42 

(S-(R*,R*)]-2-(Isobutyl-methyI-ainino)-4-niethyl-pentanoic acid 
(2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyI]-ainide is made in 
accordance with the process of Example 34, except iso-butyraldehyde was used 
instead of isovaleraldehyde. 

MS: 515 (M+1 for C3]H47N303); mp IS-ie^C; TLC: Rf 0.8 (50% 
hexanes/EtOAc). 



EXAMPLE 43 

[S-(R*JR*)]-4-MethyI-2-methylaniino-pentanoic acid (l-(4-benzyloxy-beii2yl)- 
1 0 2-(4-benzyI-piperazin-l-yl)-2-oxo-ethyl]-ainide is made in accordance with the 

process of Example 35, except (S)-2-amino-3-(4-benzyloxy-phenyI)-l-(4-benzyl- 

pipera2in-l-yl)-propan-l-one (Id) was used instead of (S)-2-amino- 

3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide. 

MS: 558 (M+1 for C34H44N4O3); sticky solid; TLC: Rf 0.6 (10% 
15 MeOH/CH2Cl2). 

EXAMPLE 44 

(S-(R*,R*)]-3-Methyl-2-[methyI-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyI)-l-terf-butyIcarbamoyl-ethyl]-amide is made in 
accordance with the process of Example 34, except N-Boc-N-methyl-iso-leucine 
20 was used instead of except N-Boc-N-methyl-leucine. 

MS: 524 (M+1 for C32H49N3O3); sticky solid; TLC: Rf 0.63 (10% 
MeOH/CH2Cl2). 



EXAMPLE 45 

[S-(R*,R*)]-4-Methyl-2-[ethyl-(3-niethyI-butyl)-aminoI-pentanoic acid [2-(4- 
benzyloxy-phenyI)-l-tert-butyIcarbamoyl-ethyl]-aniide is made in accordance 
with the process of Example 34, except N-Boc-N-ethyl-leucine was used instead 
of N-Boc-N-methyl-Ieucine. 

MS: 538 (M+1 for C33H5 1N3O3); sticky solid; TLC: Rf0.71 (10% 
MeOH/CH2Cl2). 
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EXAMPLE 46 

(S-(R*,R*)]-4-Methyl-2-(methyl-(3-inethyl-butyl)-ainino]-butyric acid 
[2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyI]-amide is made in 
accordance with the process of Example 34, except N-Boc-N-methyl- valine was 
used instead of N-Boc-N-methyl-Ieucine. 

MS: 510 (M+1 for C31H47N3O3); sticky solid; TLC: Rf 0.59 (10% 
MeOH/CH2Cl2). 



EXAMPLE 47 

[S-(R*rR*)]-2-(Cyclohex-2-enyl-methyl-ainino)-4-methyl-pentanoic acid 
1 0 I2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide 

4-Methyl-2-methylamino-pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert- 
butylcarbamoyi-ethyl]-amide (Example 35) (1 .0 mmol) was dissolved in THF 
(10 mL) and treated with 3-bromocyclohexene (1.5 mmol) and 
diisopropylethylamine (3 mmol). The reaction was stirred at 50''C for 18 hours. 
15 Then the reaction mixture was allowed to cool to room temperature and 

concentrated to dryness. The residue was chromatographed on silica gel eluting 
with a gradient of 1 0-30% acetone/CH2Cl2 to give the title compoimd with the 
yields of 50%. 

MS: 535 (M+1 for C33H47N3O3); sticky solid; TLC: Rf 0.5 (50% 
20 hexanes/EtOAc). 

EXAMPLE 48 

(S-(R*,R*)l-2-[(4-tert-Butyl-benzyl)-methyl-ainino]-4-methyl-pentanoic acid 
{2-(4-ben2yloxy-phenyI)-l-tert-butylcarbamoyI-ethyl]-ainide 

2-(Methyl-amino)-4-methyl-pentanoic acid [2-(4-ben2yloxy-phenyl)- 
25 l-tert-butylcarbamoyl-ethyl]-amide (0.5 mmol) was dissolved in THF (10 mL) 

and treated with 4-tert-butyl-benzyl bromide (0.75 mmol) and 
diisopropylethylamine (1.5 mmol). The reaction was stirred at 50°C for 15 hours. 
Then the reaction mixture was allowed to cool to room temperature and 
concenu-ated to dryness. The residue was chromatographed on silica gel eluting 
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with a gradient of 25% EtOAc/Hexanes to give the title compound with the yield 
of 40%. 

MS: 601 (M+1 for C38H53N3O3); mp 98-99°C; TLC: Rf 0.70 (10% 
MeOH/CH2Cl2). 

5 EXAMPLE 49 

[S-(R*,R*)]-2-(Cyclohex-2-enylamino)-4-methyl-pentanoic acid 
(2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyI]-ainide 

Step 1: The preparation of 4-Methyl-2-amino-pentanoic acid [2-(4-benzyloxy- 
phenyI)-l-tert-butylcarbamoyI-ethyl]-amide (Va) is made in accordance with 
1 0 the process of Example 35, except N-Boc"-leucine was used instead of N-Boc-N- 

methyl-leucine. 

Step 2: Example 49: [S-(R*,R*)J-2-(Cyclohex-2-enyIamino)-4-methyl- 
pentanoic acid [2-(4-benzyIoxy-phenyI)-l-tert-butyIcarbamoyl-ethyl]-amide is 

made in accordance with the process of Example 47, except 4-methyl-2-amino- 
1 5 pentanoic acid [2-(4-benzyIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide (Va) 

was used instead of 4-methyl-2-methylamino-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-buty lcarbamoyl-ethyl]-amide. 

MS: 521 (M+1 for C32H45N3O3); sticky solid; TLC: Rf 0.7 (50% 
hexanes/EtO Ac) . 

20 EXAMPLE 50 

[S-(R*,R*)]-2-(4-tert-Butyl-benzyIamino)-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyIl-amide is made in 
accordance with the process of Example 47 except 4-methyl-2-amino-pentanoic 
acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide (Va) was used 

25 instead of 4-methyl-2-methylamino-pentanoic acid [2-(4-ben2yloxy-phenyl)- 

l-tert-butylcarbamoyl-ethyl]-amide, and 4-tertbutylbenzylbromide was used 
instead of 3-bromocyclohexene. 

MS: 586 (M+I for C37H51N3O3); TLC: Rf 0.8 (50% hexanes/EtOAc). 
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EXAMPLE51 

IS-(R*,R*)]-4-Methyl-2-(methyl-(3-methyl-but-2-enyl)-amino]-pentanoic acid 
l2-(4-benzyloxy-phenyI)-l-tert-butylcarbamoyI-ethyI]-amide is made in 
accordance with the process of Example 47 except 4-bromo-2-methyl-2-butene 
was used instead of 3-bromocyclohexene. 

MS: 523 (M+1 for C32H47N3O3); mp 91-92°C; TLC: Rf 0.4 (EtOAc). 

EXAMPLE 52 

[S-(R*,R*)]-2-(4-tert-Butyl-benzyIamino)-4-methyl-pentanoic acid 
[l-(4-benzyloxy-benzyI)-2-(4-benzyI-piperazin-l-yl)-2-oxo-ethyl]-amide 

Step 1: The preparation of (S)-2-Aniino-3-(4-benzyloxy-phenyl)-l-(4-benzyl- 
piperazin-l-yl)-propan-l-one (Id) (described in Example 4) 

Step 2: The preparation of IS-(R*,R*)]-2-Aniino-4-methyl-pentanoic acid 

Il-(4-benzyloxy-ben2yl)-2-(4-benzyl-pipera2in-l-yl)-2-oxo-ethyl]-amide(Vb) 

is made in accordance with the process of Example 35, except (S)-2-amino- 

3- (4-benzyIoxy-phenyl)-l-(4-benzyl-pipera2in-l-yl)-propan-l-one (Id) was used 
instead of (S)-2-amino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide, and 
N-Boc-Ieucine was used instead of N-Boc-N-methyl-Ieucine. 

Step 3: Example 52: [S-(R*,R*)]-2-(4-tert-ButyI-benzylamino)-4-methyl- 
pentanoic acid {l-(4-benzyJoxy-benzyI)-2-(4-benzyI-piperazin-l-yl)-2-oxo- 
ethyl]-amide is made in accordance with the process of Example 47, except 
2-amino-4-methyI-pentanoic acid [ 1 -(4-benzyloxy-benzyl)-2-(4-benzyI-pipera2in- 
l-yl)-2-oxo-ethyl]-amide(Vb) was used instead of 4-methyl-2-methylamino- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide, and 

4- tert-butylben2yl-bromide was used instead of 3-bromocyclohexene. 
MS: 699 (M+1 for C44H56N4O3); mp 56-57°C; TLC: Rf 0.7 (EtOAc). 



EXAMPLE 53 

|S-(R*,R*)J-4-MethyI-2-(3-methyl-but-2-enylamino)-pentanoic acid 
[l-(4-benzyloxy-benzyl)-2-(4-benzyl-piperazin-l-yl)-2-oxo-ethyl]-amideis 
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made in accordance with the process of Example 47, except 2-aniino-4-methyI- 
pentanoic acid [l-(4-benzyloxy-benzyl)-2-(4-ben2yl-pipera2in-l -yl)-2-oxo-ethyl]- 
amide (Vb) was used instead of 4-Methyl-2-methylamino-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethy l]-amide, and 4-bromo- 
5 2-methyl-2-butene was used instead of 3-bromocyclohexene, 

MS: 616 (M^l for C38H50N4O3); sticky solid; TLC: Rf 0.4 (EtOAc). 

EXAMPLE 54 

[S-(R*,R*)]-2-(Ben2yI-methyl-amino)-4-niethyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butyIcarbamoyl-ethyl]-amide is made in 
0 accordance with the process of Example 47 except benzylbromide was used 

instead of 3-bromocyclohexene. 

MS: 557 (M+1 for C34H45N3O3); mp 134-135^C; TLC: Rf 0.7 (33% 
hexanes/EtOAc). 



15 



EXAMPLE 55 

[S-(R*,R*)]-2-((4-tert-ButyI-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIainino-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide 
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Step 1: The preparation of (S)-[l-tert-Butylcarbanioyl-2-(4-nitro-phenyl)- 
ethylj-carbamic acid tert-butyl ester (Via) 

(S)-[l-tert-Butylcarbamoyl-2-(4-nitro-phenyl)-ethyl]-carbamic acid 
(16.0 g, 51.6 mmol) was dissolved in DMF (258 inL) and treated with 
5 diisopropylethylamine (13.5 mL, 77.3 mmol), tert-butylamine (5.4 mL, 

51.6 mmol), and HBTU (19,57 g, 51.6 mmol). The reaction was stirred for 
4 hours, then diluted with CH2CI2 (500 mL), washed with saturated bicarbonate 
solution (2 X 500 mL) and brine (500 mL), dried over Na2S04, and concentrated 
to give 18.3 g (97%) of Via as a pale orange solid. 
10 MS: 366 (M+1 for C18H27N3O5); TLC Si02, Rf 0,62 (50% EtOAc/hexanes). 

Step 2: The preparation of (S)-2-Amino-N-tert-butyI-3-(4-nitro-phenyl)- 
propionamide (VIb) 

(S)-[ 1 -tert-Butylcarbamoyl-2-(4-iaitro-phenyl)-ethyl]-carbamic acid tert- 
butyl ester (9.0 g, 24,6 mmol. Via) was dissolved in CH2CI2 (60 mL) and treated 

15 with TFA (50 mL). The solution was stirred for 25 minutes, then concentrated 

in vacuo and pumped on briefly under high vacuum. The residue was dissolved in 
EtOAc (300 mL), washed with saturated bicarbonate solution (2 x 300 mL) and 
brine (300 mL), dried over Na2S04, and concentrated. The crude product was 
chromatographed on silica gel eluting with 8% MeOH/CH2Cl2 to give 2.41 g 

20 (37%) of VIb. 

MS: 266 (M+1 for C13H19N3O3); TLC Si02, Rf 0.48 (8% MeOH/CH2Cl2). 

Step 3: The preparation of [S-(R*,R*)J-{l-[l-tert-ButylcarbamoyI-2-(4-nitro- 
phenyl)-ethylcarbamoyl]-3-methyl-butyl}-methyl-carbamic acid tert-butyl 
ester (Vic) 

25 (S)-2-Amino-N-tert-butyI-3-(4-nitro-phenyl)-propionamide (2,41 g, 

9.08 mmol, VIb) was dissolved in DMF (45 mL), and treated with 
diisopropylethylamine (3.15 mL, 18,16 mmol), N-Boc-N-Me-leucine (2.23 g, 
9.08 mmol), and HBTU (3.44 g, 9.08 mmol). The reaction was stirred for 
1,25 hours, then diluted with EtOAc (300 mL), washed with saturated bicarbonate 
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solution (2x300 mL) and brine (300 mL), dried over Na2S04, and concentrated to 
give 4.44 g (99%) of Vic. 

MS: 494 (M+1 for C25H40N4O6); TLC Si02, Rf 0.8 (10% MeOH/CH2Cl2). 

Step 4: The preparation of {S-(R*,R*)]-4-Methyl-2-methylamino-pentanoic 
acid [l-tert-butylcarbamoyl-2-(4-nitro-phenyI)-ethyl]-ainide (VId) 

{ 1 -[ 1 -tert-Butylcarbamoyl-2-(4-nitro-phenyl)-ethylcarbamoyl]-3-methyl- 
butyl}-methyl-carbamic acid tert-butyl ester (4.43 g, 8.99 mmol.VIc) was 
dissolved in CH2CI2 (30 mL) and treated with TFA (21 mL). The solution was 
stirred for 25 minutes, then concentrated in vacuo and pumped on briefly under 
high vacuum. The residue was diluted with EtOAc (300 mL), washed with 
saturated bicarbonate solution (3 x 300 mL) and brine (300 mL), dried over 
Na2S04, and concentrated to give 3.51 g (99%) of VId. 
MS: 394 (M+1 for C20H32N4O4); mp 162-164°C. 



Step 5: [S-(R*,R*)l-2-(4-tert-Butyl-benzylamino)-4-methyl-pentanoic acid 
[l-tert-butylcarbamoyl-2-(4-nitro-phenyl)-ethyl]-aniide (Vie) 

4-Methyl-2-methylamino-pentanoic acid [1-tert-butylcarbamoyl- 
2-(4-nitro-phenyl)-ethyl]-amide (3.41 g, 8.69 nrniol, VId) was dissolved in THF 
(170 mL), and treated with diisopropylamine (6.1 mL, 34.8 mmol), and 4-tert- 
butyl-benzyl bromide (1.76 mL, 9.56 mmol). The reaction was heated to 40°C 
overnight, then the volume was reduced by one-half under reduced pressure and 
heated to 40°C for 2 hours. The reaction was filtered, and the solution was 
concentrated in vacuo. The reside was purified by flash chromatography on silica 
gel eluting with 33% ethyl acetate/hexanes to give 3.95 g (84%) of Vie. 
MS: 540 (M+1 for C31H46N4O4); TLC Si02, Rf 0.1 (33% EtOAc/hexanes). 

Step 6: lS-(R*,R*)]-2-[(4-tert-Buty!-benzyl)-inethyI-aininol-4-methyl- 
pentanoic acid [2-(4-amino-phenyl)-l-tert-butyIcarbamoyl-ethyll-ainide (Vlf) 
[S-(R*,R*)]-2-(4-tert-Butyl-benzyIamino)-4-methyl-pentanoic acid [ 1 -tert- 
butylcarbamoyl-2-(4-nitro-phenyl)-ethyl]-amide (0.96 g, 1.78 mmol. Vie) was 
dissolved in MeOH (50 mL) and shaken under an H2 atmosphere with Raney 
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Nickel (0.2 g). The catalyst was filtered and the solution concentrated in vacuo to 
give 0,89 g (98%) of Vlf as a white foam, 

MS: 510 (M+1 for C31H48N4O2); mp 80-81°C; TLC Rf 0.36 (33% 
EtOAc/hexanes). 



5 Step 7: Example 55: [S-(R*,R*)]-2-I(4-tert-Butyl-benzyl)-methyl-ainino]- 

4-methyl-pentanoic acid [2-(4-benzylamino-phenyl)-l-tert-butylcarbamoyI- 
ethyij-amide 

[S-(R*,R*)]-2-[(4-tert-Butyl-ben2yI)-methyl-amino]-4-methyl-pentanoic 
acid [2-(4-amino-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide (0.89 g, 1.75 mmol) 

1 0 was dissolved in toluene (18 mL) and treated with diisopropylamine (0.6 1 mL, 

3.5 mmol), and benzyl bromide (0.21 mL; 1.75 mmol). The reaction was stirred at 
room temperature overnight. After 24 hours, diisopropylamine (0.35 mL, 0.2 eq.) 
and benzyl bromide (0.021 mL, 0,2 eq.) were added, and the reaction was stirred 
for 5 hours. The reaction was concentrated and chromatographed on silica gel to 

1 5 give Example 55. 

MS: 600 (M+1 for C38H54N4O2); mp 74-75°C; TLC Si02, Rf 0.66 (33% 
EtOAc/hexanes). 

EXAMPLE 56 

[S-(R*,R*)]-2-(CycIohexyl-methyl-amino)-4-methyI-pentanoic acid [2-(4-benzyloxy- 
20 phenyl)-l-tert-butylcarbamoyl-ethyl]-ainide 

O-Benzyl-L-tyrosine-t-butyl-amide (la, 0,5 g, 1,53 mmol) was dissolved in 
DMF (8 mL) and treated with diisopropylethylamine (0.8 mL, 4.6 mmol), 
N-cycIohexyl-N-methyl-leucine (lid, 0.34 g, 1,53 mmol), and HBTU (0.58 g, 
1.53 mmol). The reaction was stirred for 2 hours, then diluted with EtOAc 

25 ( 1 00 mL), washed with saturated bicarbonate solution (2 x 1 00 mL), brine 

(100 mL), dried over Na2S04, and concentrated. The residue was 
chromatographed on silica gel eluting with 50% EtOAC/hexane. The resulting 
material was chromatographed again on silica gel eluting with 8% 
acetone/CH2Cl2 to give 0.1 1 g (14%) of the title compound. 

30 MS: 537 (M+l for C33H49N3O3); TLC: Si02, Rf 0.57 (10% MeOH/CH2Cl2). 
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EXAMPLES 57-105 
Multiple Parallel Synthesis Using Kaiser Oxime Resin and Solid Phase 
Quenching Agent 



Step 1: Synthesis of highly loaded Boc-Tyr(Bn)-OH resin (la) 
5 In a 1 00-mL reaction vessel equipped with fritted glass filter. 1 0 g Kaiser 

oxime resin (0.91 mmol/g load) was washed sequentially with CH2CI2 (3 x) and 
DMF (3 X). In a separate flask, a solution of 8.44 g Boc-Tyr(Bn)-OH 
(22.74 mmol) in 40 mL DMF was treated with 7.82 mL diisopropylethylamine 
(45.5 mmol), 8.62 g HBTU (22.74 mmol) and 3.48 g HOBt (22.74 mmol). The 
1 0 resulting solution was stirred for 1 0 minutes and was added to the reaction vessel 

containing the washed Kaiser oxime resin. The suspension was shaken overnight 
at room temperature, then washed five times with DMF. The entire procedure was 
repeated three times. After the third coupling, the suspension was washed with 
DMF (3 X) and DCM (3 x) to give la. 

15 Step 2: The preparation of H-Ty r(OBn)-OH coupled to Kaiser oxime resin 

(lb): The resin (la, 10 g, loading between 0.6-0.8 mmol/g) was washed with 
dimethylformamide (3 x) and CH2CI2 (3 x), and then treated with a solution of 
25% trifluoroacetic acid in CH2CI2 (v/v) for 30 minutes. The resin was then 
washed with CH2CI2 (3 x), 5% diisopropylamine in CH2CI2 (v/v), CH2CI2 (3 x). 

20 and dimethylformamide (3 x). 

Step 3: The preparation of N,N-Leucine-tyrosine(OBn)-Kaiser oxime resin 
(Ic): A solution of N,N-disubstituted leucine (12 mmol) in 50% DMF/NMP 
(40 mL) was treated with diisopropylethylamine (4.18 mL), HBTU (12 mmol), 
and lb (prepared from Step 2), and the resulting suspension was shaken for 1 hour. 
25 The resin (Ic) was washed with DMF (5 x) and collected. 

Step 4: The preparation of the Polymer-supported Isocyanate (Id) 

A suspension of aminomethyl resin (Fluka, 1.1 mmol N/g resin, 15 g, 
16.5 mmol) in DCM (150 mL) was treated with Et3N (1 1.5 mL, 83 mmol) and 
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triphosgene (3.25 g, 2 mmol equivalents of phosgene) and shaken 5 hours at room 
temperature. The resulting isocyanate resin was filtered and washed DCM (2 x 
200 mL), CHCI3 (2 X 200 mL), Et20 (1 x 200 mL), THF (1 x 200 mL), Et20 (1 x 
200 mL), THF (1 x 200 mL), Et20 (1 x 200 mL). The resin was then dried at 
5 35*=C to 40^C, 25 mmHg for 24 hours. Yield (15 g), IR (KBr) 2260 (N=C=0). 

Step 5: Synthesis of the substituted peptidylamines 

The resin (Ic) prepared from Step 3 was suspended in CH2CI2, and 
1.5 equivalents of the appropriate amine was added. The suspension was shaken 
for 48 hours. After the reaction was completed, additional CH2CI2 was added, 

10 with 1 equivalent of Polymer-supported Isocyanate (Id). After the suspension was 

shaken for 24 hours, the resin was filtered off, and the solvent was evaporated 
yielding the amorphous product. The purity of the product was analyzed by 
HPLC: A Model 1050 (Hewlett Packard, Palo Alto, CA) system was used for the 
analytical HPLC. Solvent A: 0.1% TF A/water and solvent B: 0.09% 

1 5 TFA/acetonitrile, with a linear gradient of 2% B/min starting at 0%, Vydac (The 

Separations Group, Hesperia, CA) CI 8, 300A pore size, 5 fxM particle size, 4.6 x 
250 mm column was used, with a flow rate of 1 mL/min. 

EXAMPLE 57 

[S-(R*,R*)]-4-MethyI-2-(methyI-(3-methyl-butyl)-amino]-pentanoic acid 
20 [2-<4-ben2yIoxy-phenyl)-l-(2-morphoIin-4-yl-ethylcarbamoyl)-ethyl]-amide 



Step 1: Method A of the synthesis of (S)-4-MethyI-2-[nnethyI-(3-methyl- 
butyl)-amino]-pentanoic acid (lib) 
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Step i: N-Methyl-O-benzyl-L-leucine p-tosylate salt (4.01 g, 9.84 mmol) was 
dissolved in CH2CI2 (50 mL) and treated with isovaleraldehyde (1 .06 mL, 
9.84 mmol). The reaction was stirred at room temperature for 30 minutes and then 
cooled to CC. Sodium triacetoxyborohydride (3.13 g, 14.8 mmol) was added, and 
the reaction was allowed to warm to room temperature and stir overnight. The 
reaction was diluted with CH2CI2 (400 mL). The organic layer was washed twice 
with saturated bicarbonate solution (2 x 400 mL), once with brine (400 mL), and 
then dried over Na2S04. The solution was filtered, concentrated, and the crude 
material chromatographed on silica gel eluting with 10% EtOAc/hexanes to give 
2.86 g (90%) of (S)-4-methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
benzyl ester as a pale oil. 

MS: 306 (M+1 for C19H31N1O2); TLC: Si02, Rf 0.33 (10% EtOAc/hexanes). 

Step ii: (S)-4-methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid. The 
benzyl ester (0.89 g, 2.89 mmol) was dissolved in THF (75 mL) and shaken with 
20% Pd/C (0.1 g) under an H2 atmosphere (52 psi) for 30 minutes. The catalyst 
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was removed by filtration through a pad of Celite, and the solution was 
concentrated to give 0.50 g (81%) of lib as a white solid. 

MS: 216 (M+1 for C12H25N1O2); TLC: Si02, Rf 0.32 (10% MeOH/CH2Cl2). 

Step 1: Method B of the synthesis of (S)-4-Methyl-2-{inethyI-(3-inethyl-butyl)- 
5 ainino]-pentanoic acid (lib) 

Step i : A vessel containing 100 g of L-Leucine, 1600 mL of ethanol, 8 g of 2% 
Pd/C, and 13 1,5 g of isovaleraldehyde was shaken under hydrogen. After the 
reaction was finished, the ethanol solution was collected by filtration. Then 
300 mL of concentrated HCl was added to the Pd/C-compbund mixture, and the 

1 0 mixture was filtered again to give the second filtrate. The second filtration 

provided the product in concentrated HCl, and it was added NaOH to pH 6.5. The 
product precipitated out as a white solid, and it was collected by filtration. The 
crude product was washed vAth water (200 mL) and acetone (300 mL), then it was 
dried under vacuum to yield N-(2-methylbutyl)-leucine (50 g); mp 275*^0 (dec). 

15 MS:202(M+1 for C] 1H23N1O2). 

Analysis calculated for C] 1H23N1O2: 

C, 65.63; H, 11.52;N, 6.96. 
Found: C, 65.50; H, 1 1 .40; N, 6.88. 

Step ii : A vessel containing 48 g of N-(2-methylbutyl)-L-leucine, 1.5 L of ethanol, 
20 50 mL of CH2O (37%, 3 eq.), and 3.0 g of 20% Pd/C was shaken under hydrogen. 

After the reaction was finished, the ethanol solution was collected by filtration. 
The ethanol solution was concentrated to dryness. Water (30 mL) was added to 
help removing CH2O, then it was concentrated to dryness; this step was repeated 
three times. The crude product was stirred with hot acetone (200 mL) for 2 hours 
25 and continued stirring at 25°C for another 1 8 hours. Then the product was 

collected by filtration and dried under vacuum to yield (S)-4-methyl-2-[methyl- 
(3-methyl-butyl)-amino]-pentanoic acid (lib) (40 g); mp 159-160°C (dec). 
MS:216(M+1 for C12H25N1O2). 



wo 98/54123 PCT/US98/10838 

-80- 

Analysis calculated for C12H25N1O2: 

C, 66.93; H, 1L70;N, 6.50. 
Found: C, 66.72; H, 1 1.99; N, 6.45. 

Step 2: The preparation of N-(2-inethylbutyl)-N-methyl-leucine- 
5 tyrosine(OBn)-Kaiser oxime resin (lie) 

A solution of lib (4.55 mmol) in 30 mL of DMF was treated with 
diisopropylethylaniine (9.1 mmol), HBTU (4.55 mmol), lb, and HOBt 
(4.55 mmol), and the resulting suspension was shaken for 1 hour. The resin was 
washed with DMF (5 x) and collected to yield lie. 

1 0 Step 3 : The preparation of [S-(R*,R*)J.-4-Methy I.2-(methy l-(3-methyl-butyl)- 

aminoj-pentanoic acid [2-(4-benzyloxy-phenyl)-l-(2-morphoIin-4-yl- 
ethyIcarbamoyI)-ethyl]-amide 

The resin (lie) was suspended in CH2CI2 and 1.5 equivalents of 
2-morpholin-4-yl-ethylamine. The suspension was shaken for 48 hours. After the 
15 reaction was completed, additional amount of CH2CI2 and 1 equivalent of 

Polymer-supported Isocyanate were added. After the suspension was shaken for 
24 hours, the resin was filtered off, and the solvent was evaporated to yield the 
title product. 

MS: 581 (M+1); HPLC retention Time; 22.44 minutes. 

20 EXAMPLE 58 

[S-(R*,R*)]-4-Methyl-2-(methyH3-methy!-butyl)-amino]-pentanoic acid 
{2-(4-benzyIoxy-phenyl)-l-(2-pyridin-2-yI-ethylcarbanioyl)-ethyl]-amide was 

prepared in accordance with the procedure of Example 57 (Step 3), except 
2-(2-aminoethyl)pyridine was used instead of 2-morpholin-4-yI-ethyIamine. 
25 MS: 573.5 (M+1); HPLC retention Time: 22,69 minutes. 

EXAMPLE 59 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pcntanoic acid 
[2-(4-benzyloxy-phenyl)-l-(3-iniidazoM-yI-propylcarbamoyl)-ethyll-amide 
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was prepared in accordance with the procedure of Example 57 (Step 3), except 
histamine was used instead of 2-morpholin-4-yl-ethylamine. 
MS: 576.5 (M+1); HPLC retention Time; 22.57 minutes. 

EXAMPLE 60 

5 [S-{R*,R*)]-4-MethyI-2-[methyl-(3-methyl-butyI)-amino]-pentanoic acid 

[l-(2-ben2ylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]-anaide was 

prepared in accordance with the procedure of Example 57 (Step 3), except 

Nl-benzyl-ethane-l,2-diamine was used instead of 2-morpholin-4-yI-ethylamine. 
MS: 601.3 (M-M); HPLC retention Time: 24,98 minutes. 

EXAMPLE 61 

{S-(R*,R*)]-4-MethyI-2-[methyl-(3-methyI-butyl)-amino]-pentanoic acid 
[l-(4-benzyloxy-ben2yl)-2-oxo-2-tbioinorpholin-4-yl-ethyl]-amide was 

prepared in accordance with the procedure of Example 57 (Step 3), except 
thiomorpholine was used instead of 2-morpholin-4-yl-ethylamine. 
MS: 554.5 (M+1); HPLC retention Time: 29.60 minutes. 

EXAMPLE 62 

(S-(R*,R*)]-4-Methyl-2-(methyI-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(2-hydroxy-l-hydroxymethyI-l-methyI- 
ethylcarbamoyI)-ethyl]-amide was prepared in accordance with the procedure of 
20 Example 57 (Step 3), except 2-amino-2-methyl-propane-l,3-diol was used instead 

of 2-morpholin-4-yl-ethylamine, 

MS: 570.5 (M+1); HPLC retention Time: 25.62 minutes. 

EXAMPLE 63 

[S-(R*,R*)]-4-iVIethyI-2-[methyl-(3-niethyl-butyI)-amino]-pentanoic acid 
25 (2-(4-benzyloxy-phenyI)-l-(l-methoxymethyI-propylcarbainoyl)-ethyI]-amide 

was prepared in accordance with the procedure of Example 57 (Step 3), except 
l-methoxymethyl-propylamine was used instead of 2-morpholin-4-yl-ethylamine. 
MS: 554.5 (M+1); HPLC retention Time: 28.5, 28.7 minutes. 



10 



15 



''^'''^ PCT/US98/10838 

-82- 
EXAMPLE 64 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(2-pyrroIidin-l-yI-ethylcarbamoyl)-ethyl]-amide 

was prepared in accordance with the procedure of Example 57 (Step 3), except 
5 2-pyrrolidin- 1 -yl-ethylamine was used instead of 2-moipholin-4-yl-ethylamine. 

MS: 565.5 (M+1); HPLC retention Time: 22.8 minutes. 

EXAMPLE 65 

[S-(R*,R*)]-4-Methyl-2-[methyI-(3-methyl-butyl)-aminp]-pentanoic acid 

[l-(4-ben2yIoxy-benzyl)-2-(4-hydroxy-piperidin-l-yl)-2-oxo-ethyl]-amide was 

1 0 prepared in accordance with the procedure of Example 57 (Step 3), except 

piperidin-4-ol was used instead of 2-morpholin-4-yl-ethylamine. 
MS: 552.5 (M+1); HPLC retention Time: 25.1 minutes. 

EXAMPLE 66 

IS-(R*^*)]-4-MethyI-2-(methyl-(3-methyl-butyl)-amino]-pentanoic acid 
15 {2-(4-beiizyloxy-phenyI)-l-[2-(2-hydroxy-ethyIainino)-ethyIcarbainoyI]- 
ethyl}-amide was prepared in accordance with the procedure of Example 57 
(Step 3), except 2-(2-anuno-ethylamino)-ethanoI was used instead of 
2-morpholin-4-yl-ethylamine. 

MS: 555.5 (M+1); HPLC retention Time: 22.3 minutes. 

20 EXAMPLE 67 

[S-(R*,R*)|-4-Methyl-2-(methyl-(3-methyl-butyl)-amino]-peiitanoic acid 
[2-(4-benzyloxy-phenyI)-l-(l-ben2yI-pyrrolidin-3-yIcarbamoyI)-ethyl]-amide 

was prepared in accordance with the procedure of Example 57 (Step 3), except 
l-ben2yl-pyrrolidin-3-ylamine was used instead of 2-morphoIin-4-yl-ethylamine. 
25 MS: 627.6 (M+1); HPLC retention Time: 25.3 minutes. 

EXAMPLE 68 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-peiitanoic acid (l-(2-benryIainino- 
ethylcarbamoyl)-2-(4-benzyloxy-phenyI)-ethyl]-amide was prepared in 
accordance with the procedure of Example 57 (Step 3), except -benzyl-ethane- 
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1,2-diainine was used instead of 2-morpholin-4-yl-ethylamine, and [S-(R*,R*)]- 
4-methyI-2-morphlin-4-yl-pentanoic acid-tyrosine(OBn)-Kaiser oxime resin was 
used instead of lie. (Step 3) 

[S-(R*,R*)]-4-methyl-2-morphlin-4-yl-pentanoic acid-tyTOsine(OBn)- 
5 Kaiser oxime resin was prepared in accordance Avith the procedure of Example 57 

(Step 2), except (S)-4-methyl-2-morphoIin-4-yl-pentanoic acid was used instead 
of (S)-4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid (lib). 

(S)-4-methyl-2-morpholin-4-yl-pentanoic acid was made in accordance 
with the literature procedure (Kwapiszewki W. and Bialasiewicz W., Acta Pol. 
1 0 Pharm, , 1 994;5 1 (3):227-229). 

MS: 587,3 (M+1); HPLC retention Time: 30.72 minutes. 

EXAMPLE 69 

[S-(R*,R*)]-4-Methyl-2-morphoHn-4-yI-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-(l-benzyl-pyrrolidin-3-ylcarbamoyI)-ethyl]-amide was prepared in 
1 5 accordance with the procedure of Example 68 (Step 3), except 1-benzyl- 

pyrrolidin-3-ylamine was used instead of -benzyl-ethane- 1,2-diamine. 
MS: 613,3 (M-i-1); HPLC retention Time: 21.80 minutes. 

EXAMPLE 70 

[S-(R*,R*)]-4-Methyl-2-morphoIin-4-yl-pentanoic acid (l-(4-benzyloxy- 
20 benzyl)-2-oxo-2-piperidin-l-yl-ethyl]-amide was prepared in accordance with 

the procedure of Example 68 (Step 3), except piperidine was used instead of 
N 1 -benzyl-ethane- 1 ,2-diamine. 

MS: 522.3 (M+1); HPLC retention Time: 26.21 minutes. 

EXAMPLE 71 

25 [S-(R*,R*)l-4-MethyI-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 

[l-(2-benzyIaraino-ethyIcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]-amide was 

prepared was prepared in accordance with the procedure of Example 57 (Step 3), 

except -benzyl-ethane- 1,2-diamine was used instead of 2-morpholin-4-yI- 
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ethylamine and N-methyl-N-(tetrahydro-pyran-4-yI)-leucine-tyrosine(OBn)- 
Kaiser oxime resin was used instead of lie. (Step 3) 

N-methyl-N-(tetraiiydro-pyran-4-yl)-Ieucine-tyrosine(OBn)-Kaiser oxime 
resin was prepared in accordance with the procedure of Example 57 (Step 2), 

5 except 4-methyI-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid was used instead 

of (S)-4-methyl-2-[methyI-(3-methyl-butyl)-amino]-pentanoic acid (lib). 

4-methyI-2-(tetrahydro-pyran-4-ylamino>pentanoic acid was made in 
accordance with the procedure of Example 57 (Step 1), except tetrahydro-4H- 
pyran-4-one was used instead of isovaleraldehyde. 
10 MS: 615.3 (M+1); HPLC retention Time: 21.96 minutes. 

EXAMPLE 72 

[S-(R*,R*)j-4-MethyI-2-(tetrahydro-pyran-4-ylamino)-pentanoicacid 
(l-(4-benzyIoxy-benzyI)-2-oxo-2-thiomorphoIiii-4-yI-ethyl]-ainide was 

prepared in accordance with the procedure of Example 71 (Step 3), except 

15 thiomorpholine was used instead of -benzyl-ethane- 1,2-diamine. 

MS: 568.3 (M+1); HPLC retention Time: 26. 1 minutes. 

EXAMPLE 73 

IS-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 

[2-(4-beiizyloxy-phenyI)-l-(2-hydroxy-l,l-dimethyl-ethyIcarbamoyl)-ethyl]- 
amide was prepared in accordance with the procedure of Example 71 (Step 3), 

except 2-amino-2-methyl-propan-l-oI was used instead of Nl-benzyl-ethane- 
1 ,2-diamine. 

MS: 554.3 (M+1); HPLC retention Time: 23.0 minutes. 
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EXAMPLE 74 

[S-{R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylainino)-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-(l,l-bis-hydroxyinethyI-propyicarbamoyl)-ethyl]- 
amide was prepared in accordance with the procediire of Example 71 (Step 3), 

except 2-amino-2-methyl-propane-l,3-diol was used instead of N^-ben2yl-ethane- 
l ,2-diamine. 

MS: 584.3 (M+1); HPLC retention Time: 21.8 minutes. 

EXAJVIPLE 75 

[S-{R*,R*))-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
(2-(4-beiizyloxy-phenyl)-l-(l-methoxyraethyl-propylcarbamoyl)-ethyl]-amide 

was prepared in accordance with the procedure of Example 71 (Step 3), except 

1-methoxymethyl-propylamine was used instead of Nl-ben2yl-ethane- 
l ,2-diamine. 

MS: 568.4 (M+1); HPLC retention Time: 25.1, 25.5 minutes. 

EXAMPLE 76 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-yIamino)-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(l-benzyl-pyrrolidin-3-yIcarbamoyI)-ethyl]-amide 

was prepared in accordance with the procedure of Example 71 (Step 3), except 

1- ben2yl-pyrrolidin-3-ylamine was used instead of -benzyl-ethane- 1,2-diamine. 
MS: 641.4 (M-^1); HPLC retention Time: 22.1 minutes. 

EXAMPLE 77 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-yIamino)-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(2-piperidin-l-yl-ethylcarbamoyl)-ethyl]-amide 

was prepared in accordance with the procedure of Example 71 (Step 3), except 

2- piperidin-l-yl-ethylamine was used instead of -benzyl-ethane- 1,2-diamine. 
MS: 593.4 (M+1); HPLC retention Time: 20.1 minutes. 
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EXAMPLE 78 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
l2-(4-beiizyloxy-phenyl)-l-tert-butyIcarbamoyI-ethyl]-amide was prepared in 
accordance with the procedure of Example 71 (Step 3), except t-butylamine was 
used instead of -benzyl-ethane- 1,2-dianune. 
MS: 538.3 (M+1); HPLC retention Time: 27.2 minutes. 

EXAMPLE 79 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic acid 
[l-(4-benzyloxy-benzyl)-2-oxo-2-piperidin-l-yI-ethyl]-ainide was prepared in 
accordance with the procedure of Example 71 (Step 3), except piperidine was 
used instead of "benzyl-ethane- 1,2-diamine. 
MS: 550.4 (M+1); HPLC retention Time: 26.5 minutes. 

EXAMPLE 80 

[S-(R*,R*)]-2-[(4-Fluoro-benzyi)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-ainide 

Step 1: The preparation of (S)-2-Amino-3-(4-benzyloxy-phenyI)-N-tert-butyl- 
propionamide (la) was prepared as Example 1 (Step 1). 

Step 2: The preparation of IS-(R*,R*)]-4-Methyl-2-methyIaniino-pentanoic 
acid I2-(4-benzyloxy-phenyl)-l-tert-butyIcarbamoyl-ethyl]-amide 

Stepj: (S)-2-Amino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide (7.0 g, 
21.4 mmol) (la) was dissolved in CH3CN (75 mL) and treated with 

diisopropylethylamine (3.72 mL, 21.4 mmol), N-Boc-N-Me-L-Ieucine (3.51 g, 
14.3 mmol), and HBTU (5.42 g, 14.3 mmol). The reaction was stirred for 
30 minutes and then concentrated. The residue was dissolved in EtOAc (300 mL), 
washed with saturated bicarbonate solution (2 x 300 mL) and brine (300 mL), 
dried over Na2S04, and concentrated. The crude material was chromatographed 
on silica gel eluting with 25% EtOAc/hexanes to give 7.0 g (88%) of [S-(R*,R*)]- 
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{ 1 -[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoy l-ethylcarbamoyl]-3-methyl- 
butyl}-methyl-carbaniic acid tert-butyl ester. 

MS: 554 (M+1 for C32H46N3O5); TLC: Si02, Rf 0.26 (8% MeOH/CH2Cl2). 

Step ii : [S-(R*,R*)]-{ l-[2-(4-Benzyloxy-phenyl)"l-tert-butylcarbamoyI- 
5 ethylcarbamoyl]-3-methyl-butyl}-methyl-carbamic acid tert-butyl ester (4.0 g, 

7.24 mmol) was dissolved in CH2CI2 (24 mL) and treated with trifluoroacetic 
acid (16 mL). The reaction was stirred for 15 minutes, then concentrated, diluted 
with EtOAc (300 mL), washed with bicarbonate solution (3 x 300 mL) and brine 
(300 mL), dried over Na2S04, and concentrated. The crude material was 
10 chroinatographed on silica gel eluting with 8% MeOH/CH2Cl2 to give 2.8 g 

(85%) of [S-(R*,R*)]-4-methyl-2-methyIamino-pentanoic acid [2.(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide. 

MS: 454 (M+1 for C27H38N3O3); TLC- Si02, Rf 0.19 (8% MeOH/CH2Cl2)- 

Step 3: Example 80: [S-(R*JR*)]-2-{(4-Fluoro-benzyl)-methyl-amino]- 
15 4-methyl-pentanoic acid [2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl- 

ethylj-amide 

[S-(R*,R*)]-4-Methyl-2-methylamino-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-tert-butyIcarbamoyl-ethyl]-amide (0.3 g, 0.66 mmol) was dissolved in 
CH2CI2 (5 mL) and treated with 4-fluorobenzaldehyde (0.082 g, 0.66 mmol). The 

20 reaction was stirred for 30 minutes, then cooled to O'^C and treated with sodium 

triacetoxyborohydride (0.21 g, 1 mmol). The reaction was allowed to warm to 
room temperature and stirred overnight. The reaction was diluted with EtOAc 
(100 mL), washed with saturated bicarbonate solution (2 x 100 mL) and brine 
(100 mL), dried over Na2S04, and concentrated. The residue was 

25 chromatographed on silica gel eluting with 6% MeOH/CH2Cl2 to give 0.29 g 

(78%) of the title compound. 

MS: 562 (M+1 for C34H44N3O3F1); mp 125-126X; TLC: Rf 0.56 (6% 
MeOH/CH2Cl2). 
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EXAMPLE 81 

[S-(R*,R*)]-2-[(4-Bromo-beiizyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-beii2yloxy-phenyI)-l-tert-butyIcarbamoyl-ethyI]-amide was made in 
accordance with the procedure of Example 80 (Step 3), except that 
' 4-bromobenzaldehyde was used instead of 4-fluoroben2aldehyde. 

MS: 623 (M+1 for C34H44N303Bri); mp 122-123"'C; TLC: Rf 0.47 (6% 
MeOH/CH2Cl2). 



EXAMPLE 82 

[S-(R*,R*)]-2-[(4-Hydroxy-benzyl)-methyI-ainino]-4-methyI-pentanoic acid 
[2-(4.ben2yloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-aniide was made in 
accordance with the procedure of Example 80 (Step 3), except that 
4-hydroxyben2aldehyde was used instead of 4-fluoroben2aldehyde. 
MS: 560 (M+1 for C34H45N3O4); mp 123-124<»C; TLC: Rf 0.39 (6% 
MeOH/CH2Cl2). 

EXAMPLE 83 

[S-(R*,R*)]-4-MethyI-2-(methyl-pyridin-4-yImethyl-amino)-pentanoic acid 
[2.(4-ben2yloxy-pheny!)-l-tert-butylcarbamoyl-ethyI]-aiiiide was made in 
accordance with the procedure of Example 80 (Step 3), except that 
4-pyridinecarboxaIdehyde was used instead of 4-fluoroben2aldehyde. 
MS: 545 (M+1 for C33H44N4O3); mp: 135-136°C; TLC: Rf 0.17 (5% 
MeOH/CH2Cl2). 



EXAMPLE 84 

(S-(R*,S*)]-4-Metfayl-2-Imethyl-(3-methyI-butyI)-ainino]-pentanoic acid 
[2-(4-benzyloxy-phenyI)-l-tert-butylcarbamoyI-ethyl]-ainide was made ii 
accordance with the procedure of Example 80, except that N-Boc-N-Me-D- 
leucine was used instead of N-Boc-N-Me-L-leucine in Step 2 (i), and 
isovaleraldehyde was used instead of 4-fluorobenzaldehyde in Step 3. 
MS: 524 (M+I for C32H49N3O3); sticky solid; TLC: Rf 067 (10% 
MeOH/CH2Cl2). 
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EXAMPLE 85 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-2-{4-methyI-2-(tetrahydro-pyran- 
4-yIamino)-pentanoyIamino]-propionic acid tert-butyl ester 

Step 1: The preparation of (S)-2-Amino-3-(4-benzyIoxy-phenyl)-propionic 
acid tert-butyl ester 

A solution of L-tyrosine-OBn (50.0 g, 0.1 84 mol) was dissolved in 
dioxane (500 mL). The reaction vessel was charged with isobutylene (500 mL) 
and concentrated sulfuric acid (50 mL). The reaction vessel was sealed and shaken 
for 64 hours. The reaction mixture was vented and poured into a rapidly stirring 
mixture of KOH (1 04 g) in ice water (1000 mL). The resulting mixture was 
extracted into ether (5 x 200 mL), and the combined organic extracts were dried 
(MgS04), filtered and concentrated. The residue was purified by chromatography 
(silica gel, 2:1 CHCl3/EtOAc). The residue obtained from the chromatography 
solidified on standing to give the product as a tan solid (35.3 g, 59%). 

Step 2: The preparation of [S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-2-{2-[(9H- 
fluoren-9-ylmethyI)-amino]-4-methyl-pentanoylamino}-propionic acid tert- 
butyl ester 

A solution of FMOC-leucine (10.3 g, 29 mmol) in 300 mL of DMF was 
cooled to 0°C and treated with diisopropylethyl amine (73 mL) and HBTU 
(1 1.1 g, 29.2 mmol). The resulting solution was stirred at 0°C for 30 minutes and 
treated with (S)-2-amino-3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 
(1 10 g, 36.9 mmol). The resulting solution was stirred for 30 minutes at 0°C and 
warmed to room temperature. The reaction mixture was poured into 500 mL of 
ether and washed sequentially with IN aqueous HCl, saturated aqueous 
NaHC03 (100 mL) and brine (5 x 100 mL). The organic phase was collected, 
dried over MgS04 and concentrated to near dryness. The residue was triturated 
with hexane. The product was collected by suction filtration and air dried to give 
the title compound as a white solid (12.16 g, 70%); mp 158-160°C. 



10 
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Analysis calculated C41H46N2O6: 

C, 74.30; H, 7.00; N, 4.23. 
Found: C, 74.21 ; H, 7.25; N, 4.20. 

Step 3: The preparation of IS-(R*^*)].2.{2-Amino-4-methy!- 
pentanoylamino}-3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 

A solution of [S-(R*,R*)]-3-(4-ben2yloxy-phenyl)-2-{2-[(9H-fluoren- 
9-ylmethyl)-amino]-4-methyl pentanoylamino} -propionic acid tert-butyl ester 
(12.2 g, 20.0 mmol) in 500 mL of tetrahydrofiiran was treated with piperidine 
(80 mL). The resulting solution was stiired at room temperature for 48 hours. The 
reaction mixture was concentrated and the residue purified by chromatography 
(Si02, gradient elution EtOAc - 15% EtOH/EtOAc). The resulting yellow solid 
was broken up in heptane to give the title compound as a white solid (6.77 g, 
77%). 

Step 4: Example 85: [S-(R*4l*)]-3-(4-Ben2yloxy-phenyI)-2-{4-methyl- 
1 5 2-(tetrahydro-pyran-4-ylamino)-pentanoylamino]-propionic acid tert-butyl 

ester was made in accordance with the procedure of Example 80 (Step 3), except 

that [S-(R*,R*)]-2-{2-amino-4-methyl-pentanoylamino}-3-(4-benzyloxy-phenyl)- 
propionic acid tert-butyl ester was used instead of [S-(R*,R*)3-4-methyl- 
2-methylamino-pentanoic acid [2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl- 
ethyl]-amide, and tetrahydropyran-4-one was used instead of 
4-fluorobenzaldehyde. 

MS: 525 (M+1 for C31H45N3O4); sticky solid; TLC: Rf 0.56 (7% 
MeOH/CH2Cl2). 



EXAMPLE 86 

IS-(R*,R*)]-2-(Isopropyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-pIienyl)-l-tert-butylcarbanioyl-ethyI]-amide was made i 
accordance with the procedure of Example 80 (Step 3), except that acetone ^ 
used instead of 4-fluorobenzaldehyde. 

MS: 497 (M+1 for C30H45N3O3); TLC: Rf 0.32 (20% acetone/CH2Cl2). 
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EXAMPLE 87 

[S-(R*,R*)]-4-MethyI-2-[methyl-(tetrahydro-pyran-4-yI)-amino]-pentanoic 
acid I2-(4-ben2yIoxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-aniide as made in 
accordance with the procedure of Example 80 (Step 3), except that 
5 tetrahydropyran-4-one was used instead of 4-fluorobenzaldehyde. 

MS: 539 (M+1 for C32H47N3O4); sticky solid; TLC: Rf 0.54 (5% 
MeOH/CH2Cl2). 

EXAMPLE 88 

[S-[R*,R*,(RS)]]-2.[(2-Hydroxy-l.inethyl-ethyl)-inethyl-aniino]-4-methyl. 
10 pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide 

was made in accordance with the procedure of Example 80 (Step 3), except that 
l-hydroxy-propan-2-one was used instead of 4-fluoroben2aldehyde. 
MS: 512 (M+1 for C30H45N3O4); TLC: Rf 0.39 (5% MeOH/CH2Cl2). 



EXAMPLE 89 

15 [S-(R*,R*)]-4-Methyl-2-[raethyI.(lH-pyrroI-2.ylmethyl)-amino].pentanoic 

acid [2-(4-benzyIoxy-phenyI)-l-tert-butylcarbamoyl-ethyl] -amide was made in 
accordance with the procedure of Example 80 (Step 3), except that pyrrole- 
2-carboxaldehyde was used instead of 4-fluoroben2aldehyde. 

MS: 533 (M+1 for C32H44N4O3); mp 60-62^C; TLC Rf 0.47 (5% 
20 MeOH/CH2Cl2)- 



EXAMPLE 90 

[S-(R*,R*)]-2-(Furan-2-ylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-tert-butyIcarbamoyl-ethyl]-amide was made in 
accordance with the procedure of Example 80 (Step 3), except that furan- 
25 2-carboxaldehyde was used instead of 4-fluoroben2aldehyde. 

MS: 534 (M+1 for C32H43N3O4); sticky solid; TLC Rf 0.53 (5% 
MeOH/CH2Cl2). 



wo 98/54123 

PCT/US98/10838 

-92- 
EXAMPLE 91 

lS-(R*4l*)]-3-(4-Beiizyloxy-phenyl)-2-[2-(cycIohexylmethyI-ainino)-4-inethyl- 
pentanoyIamino]-propionic acid tert-butyl ester was made in accordance with 
the procedure of Example 80 (Step 3), except that [S-(R*4l*)]-2-{2-amino-4- 
5 niethyl-pentanoylamino}-3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 

was used instead of [S-(R*,R*)]-4-methyl-2-methylamino-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l -tert-butylcarbamoyl-ethyl]-amide and 
cyclohexanecarboxaldehyde was used instead of 4-fluorobenzaldehyde. 
MS: 537 (M+1 for C33H49N3O3); sticky sohd; TLC: Rf 0.46 (5% 
10 MeOH/CH2Cl2). 

EXAMPLE 92 

(S-(R*JR*)]-3-(4-Ben2yloxy-phenyI)-2-{2-isopropylainino-4-methyl- 
pentanoylainino)-propionic acid tert-butyl ester was made in accordance with 
the procedure of Example 80 (Step 3), except that [S-(R*,R*)]-2-{2-amino- 
1 5 4-methyl-pentanoylamino}-3-(4-benzyloxy-phenyl).propionic acid tert-butyl ester 

was used instead of [S-(R*,R*)]-4-methyI.2-methylamino-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butyIcarbamoyl-ethyl]-amide,and acetone was 
used instead of 4-fluorobenzaldehyde. 

MS: 483 (M+1 for C29H43N3O3); TLC: Rf 0.36 (5% MeOH/CH2Cl2). 

20 EXAMPLE 93 

[S-<R*,R*)]-3-(4-Benzyloxy-phenyI)-2-(2-cycIohexylamino-4-methyl- 
pentanoylainino)-propionic acid tert-butyl ester was made in accordance with 
the procedure of Example 80 (Step 3). except that [S-(R*,R*)]-2-{2-amino- 
4-methyl-pentanoylamino}-3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 
25 was used instead of [S-(R*,R*)]-4-methyl-2-methyIamino-pentanoic acid 

[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide, and cyclohexanone 
was used instead of 4-fluoroben2aldehyde. 

MS: 523 (M+1 for C32H47N3O3); sticky solid; TLC: Rf 0.36 (5% 
MeOH/CH2Cl2). 
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EXAMPLE 94 

[S-(R*,R*)]-4-Methyl-2-inorpholin-4-yI-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-tert-butyIcarbainoyI-ethyI]-amide 

Step 1: (S)-4-MethyI-2-morphoIin-4-yl-pentanoic acid was synthesized 
5 according to the procedure described in Acta Polortiae Pharmaceutica - Drug 

Research, 1994;51:227-229. 

Step 2: (S)-4-Methyl-2-morphoIin-4-yl-pentanoic acid (0.161 g, 0.800 mmol ) 
was dissolved in dry DMF (4 mL) under nitrogen atmosphere and cooled to O^'C in 
an ice-water bath. To this solution were added in succession 7V;A^-diisopropyl- 

10 ethylamine (0.420 mL, 2.41 mmol) and solid 0-ben20triazol-l-yl-A^,iV,iV;A^- 

tetramethyluronium hexafluorophosphate (0.303 g, 0.799 nrniol). The resulting 
reaction mixture was stirred at that temperature for 30 minutes, solid (S)-2-amino- 
3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide monohydrochloride (0.290 g, 
0.800 mmol) was then added. After stirring for, sequentially, 10 minutes at O^'C 

15 and 45 minutes at ambient temperature, reaction mixture was mixed with 60 mL 

of diethyl ether. The resulting mixture was successively washed with saturated 
aqueous NaHC03 solution (2 x 60 mL), brine (2 x 60 mL), and was dried over 
Na2S04. The solution was concentrated in vacuo affording a viscous oil. The 
crude product was further purified by flash chromatography (60% EtOAc in 

20 hexane) and treated with ethereal HCl. Subsequent concentration in vacuo, 

trituration with ether and drying under vacuum provided 0.27 g (62%) of the pure 

titled compound as a white solid. 

MS: 546 (M+ for C30H43N3O4); mp: 261-263°C. 



EXAMPLE 95 

25 lS-(R*,R*)]-3.(4-BenzyIoxy-phenyl)-2-[4-methyI.2-(3-methyl-butyIamino)- 
pei]tanoylamino]-propionic acid tert-butyl ester was made in accordance with 
the procedure of Example 80 (Step 3), except that [S-(R*,R*)]-2-{2-amino- 
4-methyl-pentanoyIamino}-3-(4-benzyloxy-phenyl)-propionic acid tert-butyl ester 
was used instead of [S-(R*,R*)]-4-methyl-2-methylamino-pentanoic acid 
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[2-(4-benzyloxy-phenyI)- 1 -tert-butyIcarbamoyl-ethyl]-amide and 
isovaleraldehyde was used instead of 4-fluoroben2aldehyde. 
MS: 51 1 (M+1 for C3 1H47N3O3); sticky solid; TLC: Rf 0.42 (5% 
MeOH/CH2Cl2). 

5 EXAMPLE 96 

(S.(R*^*)]-({l-[2-(4-Benzyloxy-phenyI)-l.tert-butylcarbamoyl- 
ethylcarbainoyl]-3-methyl-butyl}-methyl-aniino)-acetic acid ethyl ester 

A mixture of [S-(R*,R*)]-4-methyl-2-methylamino-pentanoic acid [2-(4- 
benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide (0.55 mmol), diisopropyl 

10 ethylamine (L65 mmol), 2-bromoethyl acetate (0.8 mmol), and anhydrous THF 

(6 mL) was stirred at 25°C for 6 hours. The precipitate was filtered off. The 
reaction mixture was concentrated and purified by column chromatography on 
silica gel eluting with 10% acetone/methylene chloride to give the titled 
compound (84% yield). 

15 MS: 540 (M+1 for C3]H45N305); sticky solid; TLC: Rf 0.45 (10% 

acetone/CH2Cl2). 



EXAMPLE 97 

[S-(R*,R*)]-2-[(3-Hydroxy-butyI)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-tert-butyIcarbamoyI-ethyI]-amide was made in 
20 accordance with the procedure of Example 80 (Step 3), except that 

3-hydroxybutyraldehyde was used instead of 4-fluorobenzaldehyde. 
MS: 51 1 (M+1 for C31H47N3O4); TLC: Rf 0,25 (5% MeOH/CH2Cl2). 



EXAMPLE 98 

[S-(R*,R*)]-2-[(4-Methoxy-benzyl)-methyI-amino]-4-methyl-pentanoic acid 
25 l2-(4-benzyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyl]-amide is made in 

accordance with the procedure of Example 80 (Step 3), except that 
4-methoxyben2aldehyde was used instead of 4-fluorobenzaldehyde. 
MS: 574 (M+1 for C35H47N3O4); mp 82-84°C; TLC: Rf 0.39 (5% 
MeOH/CH2Cl2). 
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EXAMPLE 99 

{S-(R*»R*)l-4-Methyl-2-piperidin-l-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyO-l-tert-butylcarbamoyl-ethylJ-amide 

Step 1: (S)-4-Methyl-2-piperidm-l-yI-pentanoic acid monohydrobromide 

5 was synthesized according to the procedure described in Acta Poloniae 

Pharmaceutica - Drug Research, 1994;51:227-229, which is hereby incorporated 
by reference in its entirety. 

Step 2: (S)-2-Amino-3-(4-beiizyloxy-phenyI)-N-tert-butyI-propionaraide 
monohydrochloride 

10 (S)-4-Methyl-2-piperidin-l-yl-pentanoic acid monohydrobromide (0.493 g, 

1 .76 mmol) was mixed with dry DMF (4 mL) under nitrogen atmosphere and 
cooled to 0*^C in an ice-water bath. To this mixture were added in succession 
A/;A^-diisopropylethylamine (1.23 mL, 7.05 mmol ) and solid O-benzotriazol-l-yl- 
A^,iV;A/'^//-tetramethyluronium hexafluorophosphate (0.667 g, 1.76 mmol ). The 

15 resulting reaction mixture was stirred at that temperature for 30 minutes, solid 

(S)-2-ainino-3-(4-benzyloxy-phenyl)-N-tert-butyl-propionamide 
monohydrochloride (0.639 g, 1,76 mmol) was then added. After stirring for, 
sequentially, 10 minutes at O^^C and 45 minutes at ambient temperature, reaction 
mixture was mixed with 60 mL of diethyl ether; the resulting mixture was 

20 successively washed with saturated aqueous NaHC03 solution (2 x 60 mL), brine 

(2 X 60 mL), and was dried over Na2S04. The solution was concentrated in vacuo 
affording em viscous oil. The crude product was further purified by flash 
chromatography (40% EtOAc in hexane). Recrystallization from EtOAC/hexanes 
and subsequent drying under vacuum provided 0.4 g (45%) of the pure titled 
25 compound as a white crystalline solid. 

MS: 510 (M+ for C31H45N3O3); mp 109-1 1 1°C. 

EXAMPLE 100 

(S-(R*,R*)]-2-EthyIamino-4-methyl-pentanoic acid (2-(4-ben2yloxy-phenyl)- 
l-tert-butyIcarbamoyl-ethyI]-amide was made in accordance with the procedure 
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of Example 80, except that N-Boc-L-leucine was used instead of N-Boc-N-Me-L- 
leucine in Step 2 (i), and acetaldehyde was used instead of 4-fluoroben2aIdehyde 
in Step 3. 

MS: 469 (M+1 for C28H41N3O3); sticky solid; TLC: Rf 0.3 (EtOAc). 



EXAMPLE 101 

IS-(R*^*)]-4-MethyI-2-(methyl-pyridin-3-ylmethyl-amino)-pentanoic acid 
(2-{4-beiizyIoxy-phenyl)-l-tert-butyIcarbamoyl-ethyI]-amide was made in 
accordance with the procedure of Example 80 (Step 3), except that 

3- pyridinecarboxaldehyde was used instead of 4-fluoroben2aldehyde. 
MS: 545 (M+1 for C33H44N4O3); mp 1 19-120°C; TLC: Rf 0.30 (5% 
MeOH/CH2Cl2). 

EXAMPLE 102 

(S-(R*^*)l-3-(4-Ben2yIoxy-phenyl)-N-tert-butyl-2-{2-[methyI-(3-methyl- 
butyl)-amino]-acetyIamino}-propionamide was made in accordance with the 
procedure of Example 80, except that N-Boc-N-methyl-glycine was used instead 
of N-Boc-N-Me-L-leucine in Step 2 (i), and isovaleraldehyde was used instead of 

4- fluorobenzaIdehyde in Step 3. 

MS: 468 (M+1 for C28H41N3O3); sticky solid; TLC: Rf 0.57 (10% 
MeOH/CH2Cl2). 



EXAMPLE 103 

[S-[R*,R*,(RS)J]-2-(sec-ButyI-methyl-ainino)-4-methyl-pentanoicacid 
[2-(4-beiizyIoxy-phenyl)-l-tert-butylcarbamoyl-ethyI)-amide was made in 
accordance with the procedure of Example 80 (Step 3), except that 2-butanone 
was used instead of 4-fluorobenzaldehyde. 

MS: 51 1 (M+1 for C31H47N3O3); sticky solid, TLC: Rf 0.3 (10% 
MeOH/CH2Cl2). 
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EXAMPLE 104 

(S)-N-I2-(4-Ben2yloxy-phenyI)-l-tert-butyicarbamoyl-ethyl]-2-(3-methyl- 
butyIainino)-i$obutyramide was made in accordance with the procedxire of 
Example 80, except that N-Boc-alpha-aminoisobutyric acid was used instead of 
f N-Boc-N-Me-L-leucine in Step 2 (i), and isovaleraldehyde was used instead of 

4-fluorobenzaIdehyde in Step 3. 

MS: 483 (M+1 for C29H43N3O3); sticky solid; TLC: Rf 0.50 (8% 
MeOH/CH2Cl2). 



EXAMPLE 105 

1 0 IS-(R*,R*)]-4-Methyl.2-(3-methy 1-buty Iamino)-pentanoic acid 

[2-{4-benzyloxy-phenyl)-l-tert-butylcaf bamoyl-ethyl]-amide is made in 
accordance with the procedure of Example 80, except that N-Boc-L-leucine was 
used instead of N-Boc-N-Me-L-leucine in Step 2 (i) and isovaleraldehyde was 
used instead of 4-fluoroben2aldehyde in Step 3. 

15 MS: 511 (M+1 for C31H47N3O3); sticky solid; TLC: Rf 0.18 

(1:1 hexane/EtOAc). 

EXAMPLE 106 

4-Methyl-2-[nnethyI-(tetrahydro-pyran-4-yl)-amino]-pentanoic acid 
[2-(4-benzyIoxyphenyl)-l-(l-methoxymethyl-propyIcarbamoyl)-ethyI]-amide 

20 Step 1: The preparation of (S)-2-Amino-3-(4-ben2yloxyphenyl)-N- 

(l-methoxymethyl)propyi propionamide 

Step i : To a mixture of BOC-(OBn)tyrosine (5.0 g, 13.5 mmol), DMF (25 mL), 
HBTU (5.15 g, 13.5 mmol), and diisopropylethylamine (8.7 g, 67.5 mmol) was 
added. The resulting solution was treated with 2-amino-l-methoxybutane (1.5 g, 
25 14 mmol), and stirred for 2 hours. The reaction mixture was diluted with 40 mL of 

ethyl acetate and washed with IN HCl (2 x 25 mL), saturated NaHC03 (2 x 
25 mL) and saturated solution of brine (2 x 25 mL). The organic layer was 
collected, dried with Na2S04 and evaporated to dryness. The crude residue was 
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crystallized from petroleum ether and toluene to give the title compound (5.98 g, 

97%) as a cream-colored solid. 

APCI-MS 457.2 [M + 1 for C27H38N2O5], 

Step ii: A solution of the product from Step i above (1.0 g, 2.8 mmol) was stirred 
in a solution of TFA/CH2CI2 = 1/1 (10 mL) for 30 minutes and concentrated to 
dryness. This crude reaction product was dissolved in CH2CI2 (30 mL) and 
washed sequentially with saturated solution of NaHC03 and brine. The CH2CI2 
solution was dried over NaHCOs concentrated to dryness to give (S)-2- 

amino-3-(4-benzyloxyphenyl)-N-(l-methoxymethyl)propyl propionamide (0.98 g, 

98%) as a cream-colored solid. 

APCI-MS 357.2 [M + 1 for C22H3oN2d3]. 

Step 2: The preparation of 4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)- 
aminoj-pentanoic acid (2-(4-benzyloxyphenyl)-l.(l-methoxymethyl- 
propylcarbamoyl)-ethyl]-ainide 

A solution of (S)-4-methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid (0,13 g, 0.56 nmiol) in 10 mL of DMF at 0'=*C was treated with 
HBTU (0,21 g, 0.56 mmol) and diisopropylethylamine (0.36 g, 2.80 mmol). The 
reaction mixture was stirred for 30 minutes at 0°C. A solution of (S)-2-amino- 
3-(4-benzyloxyphenyl)-N-(l-methoxymethyl)propyl propionamide (0.21 g, 
0.56 mmol) in 10 mL of DMF was added to the reaction mixture. The reaction 
mixture was allowed to reach the room temperature and was stirred for another 
30 minutes. The reaction mixture was diluted with 20 mL of ethyl acetate, washed 
sequentially with IN HCl (2 x 10 mL), saturated aqueous NaHCOs (2x10 mL) 
and brine (2x10 mL). The organic layer was separated, dried with Na2S04 and 
evaporated to dryness. The crude residue was purified by chromatography (Si02, 
1:1 ethyl acetate/hexane). The purified product was then dissolved in minimum 
volume of diethylether and ethereal solution of HCl was added dropwise. The 
solid HCl-salt separated out, washed several times with diethylether to get 0.21 g 
(62%) of fine cream powder; mp 106-109°C. 
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Analysis calculated for C33H49N3 05-0.5 8H2O-HCI: 

C, 64.48; H, 8.39; N, 6.84; H2O, 1 .70. 
Found: C, 64.86; H, 8.51; N, 6,82; H2O, L80. 



EXAMPLE 107 
4-lVIethyl-2-[methyl-(3-methyIbutyl).ainino]-pentanoic acid 
[2-(4-ben2yIoxyphenyl)-l-(l-methoxymethyl-propyicarbamoyl)-ethyl]-amide 

To a solution of (S)-4-methyl-2-[methyl-(3-methylbutyl)-aniino]-pentanoic 
acid (0.12 g, 0.56 mmol) in 10 mL of DMF was added HBTU (0.21 g, 0.56 mmol) 
and diisopropylethylamine (0.36 g, 2,80 mmol). The mixture was stirred for 
30 minutes at O^^C. A solution of (S)-2-amino-3-(4-benzyloxyphenyl)-N- 
(l-methoxymethyl)propyl propionamide<0.21 g, 0.56 mmol) in 10 mL of DMF 
was added to the reaction mixture. The reaction mixture was allowed to reach the 
room temperature and was stirred for another 30 minutes. The mixture was diluted 
with 20 mL of ethylacetate, washed with IN HCl (2 x 10 mL), saturated 
NaHC03 (2x10 mL) and saturated solution of brine (2 x 10 mL). The organic 
layer was separated, dried with Na2S04 and evaporated to dryness. The crude was 
purified by chromatography (Si02 1:1 hexane/ethyl acetate). The purified product 
was then dissolved in minimum volume of diethylether, and ethereal solution of 
HCl was added dropwise. The solid which formed was collected and washed 
several times with diethylether to give the title compound (0,25 g, 76%) as a 
cream-colored powder; mp 83-85°C. 
Analysis calculated for C33H5iN3O4-0.32H2O*HCl: 

• C, 66.50; H, 8.90; N, 7.05; H2O, 0.97. 
Found: C, 66.32; H, 9.01; N, 6.93; H2O, 0.99. 



EXAMPLE 108 

2-(Isopropyi-methyl-amino)-4-methyl-pentaDioc acid (2-(4-benzyIoxyphenyl)- 
l-(l-methoxymethyl-propyicarbainoyl)-ethyl]-amide 

A solution of (S)-2-(isopropyl-methyl-amino)-4-methyl-pentanioc acid 
(0.1 1 g, 0.56 mmol) in 10 mL of DMF was treated with HBTU (0.21 g. 
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0.56 mmol) and diisopropylethylamine (0.36 g, 2.80 mmol). The mixture was 
stirred for 30 minutes at CC. A solution of (S)-2-amino-3-(4-ben2yloxyphenyl)- 
N-(l-methoxymethyl)p^opyl propionamide (0.21 g, 0.56 mmol) in 10 mL of DMF 
was added to the reaction mixture. The reaction mixture was allowed to reach the 
5 room temperature and was stirred for another 30 minutes. The reaction mixture 

was diluted with 20 mL of ethyl acetate, washed with IN HCl (2 x 10 mL), 
saturated NaHCOs (2x10 mL) and saturated solution of brine(2 x 10 mL). The 
organic layer was separated, dried with Na2S04 and evaporated to dryness. The 
crude was purified by chromatography (silica gel, 1:1 hexane/ethyl acetate). The 

1 0 purified product was then dissolved in minimum volume of diethylether and an 

ethereal solution of HCl was added dropwise. The solid which formed was 
washed several times with diethylether. The solid was dissolved in methanol and 
treated with activated charcoal, filtered and concentrated. The solid was 
crystallized fi-om methanol-ether to give the title compound (0.13 g, 40%) as a 

1 5 white powder mp 1 0 1 - 1 05"C. 

APCI MS 526.3 [M + 1 for C31H47N3O4]. 

EXAMPLE 109 

2-[(4-tert-butyl-benzyl)-methyl-amino]-4-inethyl-pentanoicacid 
(2-(4-benzyloxyphenyl)-l-(l-methoxymethyl-propylcarbamoyl)-ethyl]-ainide 

20 To a solution of (S)-2-[(4-tert-butyl-ben2yl)-methyl-amino]-4-methyl- 

pentanoic acid (0.33 g, 1.12 mmol) in 15 mL of DMF was added HBTU (0.43 g, 
1.12 mmol) and diisopropylethylamine (0.72 g, 5.6 nmiol). The mixture was 
stirred for 30 minutes at O'C. A solution of (S)-2-amino-3-(4-benzyloxyphenyl)- 
N-(l-methoxymethyl)propyl propionamide (0.4 g, 1.12 mmol) in 15 mL of DMF 

25 was added to the reaction mixture. The reaction mixture was allowed to reach the 

room temperature and was stirred for another 30 minutes. The mixture was diluted 
with 40 mL of ethylacetate, washed with IN HCl (2x10 mL), saturated 
NaHCOs (2x10 mL) and saturated solution of brine (2 x 10 mL). The organic 
layer was separated, dried with Na2S04 and evaporated to dryness. The crude was 

30 purified by chromatography (Si02, 8:2 hexane/ethyl acetate). The purified 



*NSCXX:iD: <WO 98541 23A1J_> 



wo 98/54123 PCT/US98/10838 

-101- 

product was dissolved in minimum volume of diethylether and an ethereal 
solution of HCl was added dropwise. The solid which formed was washed several 
times with diethylether to give the title compound (0,28 g, 37%) as a cream- 
colored powder mp 1 18- 120*^0. 
5 Analysis calculated for C39H55N304*HC1: 

C, 70.30; H, 8.47; N, 6.31; CI", 5.32. 
Found: C, 69.94; H, 8.46; N, 6.16; CI", 5.55. 

EXAMPLE 110 

2-[(4-Dimethylamino-benzyI)-methyI-ainino]-4-niethyl-pentanoic acid 
10 l2-(4-benzyloxyphenyl)-l-(l-methoxymethyl-propylcarbamoyl)-ethyl]-amide 

Step 1: The preparation of 2-[(4-DimethyIainino-benzyl)-methyI-ainino]- 
4-methyI-pentanoic acid 

To a solution of N-methyl leucine (8.0 g, 55.1 mmol) and 4-N,N-dimethyl- 
benzaldehyde (8.4 g, 56.0 mmol) in 80 mL of dry THF was added titanium (IV) 

15 isopropoxide (15.7 g, 55. 1 mmol). The mixture was stirred at room temperature 

for 4 hours and was diluted with 20 mL of absolute ethanol. NaBH4 (3.0 g, 
80,0 mmol) was added slowly to the mixture. The resulting mixture was stirred 
overnight. The reaction mixture was quenched v^th 40 mL of water and was 
filtered to remove an inorganic precipitate. Evaporation of the crude filtrate gave a 

20 slurry which was dissolved in minimum volume of MeOH and was filtered to 

remove the last traces of inorganic salt. The filtrated was evaporated to dryness, 
dissolved in minimum volume of O.IN NaOH and washed with diethyl ether (4 x 
40 mL) followed by ethyl acetate (2 x 40 mL). The aqueous phase was acidified to 
pH 6 with IN HCl, saturated with NaCl, and extracted with ethyl acetate (6 x 

25 40 mL). The combined organic extracts were dried over anhydrous Na2S04 and 

concentrated to give the product (7.6 g, 49%) as a white solid; mp 176-180°C. 
APCI MS 277.3 [M + 1 for C16H26N2O2]. 
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Step 2: 2-[(4-Dimethylamino-ben2yl)-inethyl-amino]-4-methyl-pentanoic acid 
[2.(4-benzyloxyphenyl)-l-(l-raethoxymethyl-propyIcarbanioyl)-ethyI]-aniide 

A solution of (S)-2-[(4-dimethylaniino-ben2yl)-methyI-amino]-4-methyl- 
pentanoic acid (0.31 g, 1.12 mmol) in 15 mL of DMF was treated with HBTU 
(0.425 g, 1.12 mmol) and diisopropylethylamine (0.723 g, 5.6 mmol). The 
reaction mixture was stirred for 30 minutes at O'^C. A solution of (S)-2-amino- 
3-(4-benzyloxyphenyl)-N-(l-methoxymethyl)propyl propionamide (0.40 g, 
1.12 mmol) in 15 mL of DMF was added to the reaction mixture. The reaction 
mixture was allowed to reach the room temperature and was stirred for another 
30 minutes. The reaction mixture was diluted with 40 mL of ethyl acetate, washed 
with IN HCl (2 X 10 mL), saturated NaHCOs (2x10 mL) and brine (2x10 mL). 
The organic layer was collected, dried with Na2S04 and evaporated to dryness. 
The crude residue was purified by chromatography (silica gel, 6:4 hexane/ethyl 
acetate). The purified product was crystallized from diethyl ether and petrolexmi 
ether to give the title compound (0.22 g, 30%) as a white powder; mp 109-1 12^*0. 
Analysis calculated for C37H52N4O4: 

C, 72.05; H, 8.50; N, 9.08. 
Found: C, 71.59; H, 8.44; N, 8.94. 



EXAMPLE 1 1 1 

20 4-Methyl-2-[methyl-tetrahydropyran-4-yl)-amino]-pentanoic acid 

{2-(4-ben2yloxyphenyl)-l-(l-propyl-piperidin-3-ykarbamoyl)-ethyl]-amide 

Step 1: A mixture of BOC-(OBn)tyrosine (5 g, 13.5 mmol), DMF (25 mL), 
HBTU (5.15 g, 13.5 mmol), and diisopropylethylamine (8.7 g, 67.5 mmol) was 
treated with 3-1-propyl-piperidinamine, (2.0 g, 14.0 mmol), and was stirred for 

25 2 hours. The mixture was diluted with 40 mL of ethyl acetate, washed with IN 

HCl (2 X 25 mL), saturated NaHCOs (2 x 25 mL), and saturated solution of brine 
(2 X 25 mL). The organic layer was separated, dried with Na2S04 and evaporated 
to dryness. The crude residue was crystallized from petroleum ether and toluene to 
give the product (5.98 g, 89%) as a brown solid. 

30 APCI MS 496.4 [M -h 1 for C29H41N3O4]. 
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Step 2: 2-Amino-3-(4-benzyloxyphenyl)-N-(l-propyl-piperidin- 
3-yl)propionainide 

A solution of the product from Step 1 above (0.625 g, 1 .26 mmol) was 

stirred in a solution of TFA/CH2CI2 1:1 (10 mL) for 30 minutes and concentrated 

5 to dryness. The crude reaction product was dissolved in CH2CI2 (30 mL) then 

washed with saturated solution of NaHC03 brine. The organic phase was 

further dried over Na2S04 and concentrated to dryness to yield the product 

(0.50 g, 99%) as a brown solid. 

APCI MS 396.4 [M + 1 or C24H33N3O2]. 

1 0 Step 3: 4-Methyl-2-[methyl-tetrahydropyran-4-yI)-amino]-pentanoic acid 

[2-(4-benzyloxyphenyl)-l-(l-propyl-piperidin-3-ylcarbainoyI)-€thyl]-amide 

To a solution of the product from Step 2 above (0.3 g, 1.26 mmol) in 
15 mL of DMF was added HBTU (0.478 g, 1 .26 mmol) and 
diisopropylethylamine (0.815 g, 6.3 mmol). The mixture was stirred for 

1 5 30 minutes at 0°C. A solution of (S)-4-methyl-2-[methyl-(tetrahydro-pyran-4-yl)- 

amino]-pentanoic acid (0.50 g, 1.26 mmol) in 15 mL of DMF was added to the 
reaction mixture. The reaction mixture was allowed to reach the room temperature 
and was stirred for another 30 minutes. The mixture was diluted with 20 mL of 
ethyl acetate, washed with IN HCl (2x0 mL), saturated NaHC03 (2 x 10 mL) 

20 and saturated solution of brine (2x10 mL). The organic layer was collected, dried 

with Na2S04 and evaporated to dryness. The crude was purified by 
chromatography (silica gel, 1:1 hexane/ethyl with 1% methanol and 1% NH4OH). 
The purified product was then dissolved in minimum volume of diethylether and 
ethereal solution of HCl was added dropwise. The solid which formed was 

25 collected and washed several times v^th diethylether. The solid was dissolved in 

methanol and treated with activated charcoal, filtered, and evaporated. The residue 
was crystallized from methanol-ether to give the title compound (0.21 g, 26%) as 
a cream-colored powder; mp 135-136®C. 
APCI MS 607.4 [M + 1 for C36H54N4O4]. 
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EXAMPLE 112 
4-MethyI-2-[methyl-(3-methyl-butyl-amino]-pentanoic acid 
(2-(4-benzyioxyphenyl)-l-(l-propyI-piperidin-3-yIcarbamoyl)-ethyl]-amide 

To a solution of (S)-4-methyl-2-[methyl-(3-methylbutyl>amino]-pentanoic 
5 acid (0.27 g, 1.26 mmol) in 15 mL of DMF was added HBTU (0.48 g, 1.26 mmol) 

and diisopropylethylamine (0.82 g, 6,3 mmol). The mixture was stirred for 
30 minutes at O^^C. A solution of 2-amino-3-(4-benzyloxyphenyl)-N-(l-propyl- 
piperidin-3-yl)propionamide (0.50 g, 1.26 mmol) in 15 mL of DMF was added to 
the reaction mixture. The reaction mixture was allowed to reach the room 

1 0 temperature and was stirred for another 30 minutes. The mixture was diluted with 

20 mL of ethyl acetate, washed with IN HCl (2x10 mL), saturated NaHCOs (2 x 
10 mL) and saturated solution of brine (2x 10 mL). The organic layer was 
separated, dried with Na2S04 and evaporated to dryness. The crude residue was 
purified by chromatography (silica gel, hexane/ethyl acetate containing 1% 

1 5 methanol and 1% NH4OH). The purified product was then dissolved in minimum 

volume of diethylether, and an ethereal solution of HCl was added dropwise. The 
solid which formed was washed with diethylether. The solid was dissolved in 
methanol and treated with activated charcoal, filtered, and evaporated. The solid 
was crystallized fi-om methanol-ether to give the title compotmd (0,3 1 g, 39%) as 

20 a white powder; mp 120-124*^0. 

APCI MS 593.5 [M -f 1 for C45H59N5O4]. 

EXAMPLE 113 

2- (IsopropyI-methyl-amino)-inethyl-peiitanoic acid [2-(4-benzyloxyphenyl)- 
l-(l-propyl-piperidin-3-ylcarbamoyI)-ethyl]-amide: 

25 To a solution of (S)-2-(Isopropyl-methyl-amino)-4-methyl-pentanioc acid 

(0.24 g, 1,26 mmol) in 15 mL of DMF was added HBTU (0.48 g, 1,26 mmol) and 
diisopropylethylamine (0.82 g, 6.3 mmol). The mixture was stirred for 30 minutes 
at O^'C. A solution of 2-amino-3-(4-benzyIoxyphenyl)-N-(l-propyI-piperidin- 

3- yl)propionamide (0,50 g, 1.26 mmol) in 15 mL of DMF was added to the 

30 reaction mixture. The reaction mixture was allowed to reach the room temperature 

and was stirred for another 30 minutes. The mixture was diluted with 20 mL of 
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ethyl acetate, washed with IN HCl (2x10 mL), saturated NaHCOs (2x10 mL) 
and saturated solution of brine (2 x 10 mL). The organic layer was separated, 
dried with Na2S04 and evaporated to dryness. The crude residue was purified by 
chromatography (silica gel, 1 : 1 hexane/ethyl acetate containing 1% methanol and 
5 1% NH4OH). The purified product was then dissolved in minimum volume of 

diethylether and ethereal solution of HCl was added dropwise. The solid which 
formed was washed several times with diethylether. The solid was dissolved in 
methanol and treated with activated charcoal, filtered, and evaporated. The residue 
was crystallized from methanol-ether to give the title compoimd (0.3 g, 40%) as a 
1 0 white powder; mp 1 1 8-122°C. 

APCI MS 565.5 [M + 1 for C34H52N4O3]. 

EXAMPLE 114 

2-[(4-tertButyl-ben2yl-)-methyI-amin6]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide 

15 To a solution of (S)-2-[(4-tert-butyl-benzyl)-methyl-amino]-4-methyl- 

pentanoic acid (03 g, 1.01 mmol) in 15 mL of DMF was added HBTU (0.38 g, 
1.01 mmol) and diisopropylethylamine (0.65 g, 5.05 mmol). The mixture was 
stirred for 30 minutes at O^'C. A solution of 2-amino-3-(4-ben2yloxyphenyl)-N- 
(l-propyl-piperidin-3-yl)propionamide (0.4 g, 1.01 mmol) in 15 mL of DMF was 

20 added to the reaction mixture. The reaction mixture was allowed to warm to room 

temperature and was stirred for another 30 minutes. The mixture was diluted with 
20 mL of ethyl acetate, washed with IN HCl (2x10 mL), saturated NaHC03 (2 x 
1 0 mL) and saturated solution of brine (2x10 mL), The organic layer was 
separated, dried with Na2S04 and evaporated to dryness. The crude residue was 

25 purified by chromatography (silica gel, 7:3 hexane/ethyl acetate). The purified 

product was dissolved in minimum volume of diethylether and an ethereal 
solution of HCl was added dropwise. The solid which formed was washed several 
times with diethylether. The solid was dissolved in methanol and treated with 
activated charcoal, filtered, and evaporated. The residue was crystallized from 
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methanol-ether to give the title compound (0.16 g, 23%) as a light yellow powder; 
mp 160-164°C (dec). 

APCI MS 669,5 M + 1 for C42H60N4O3. 



EXAMPLE 115 

5 2-{(4-Dimethylamino-ben2yl)-inethyI-ainino]-4-methyl-pentanoic acid 

[2-(4-ben2yIoxy phenyl)-l-(l-propyl-piperidin-3-ylcarbamoyI)-ethyI]-ainide 

To a solution of (S)-2-[(4-dimethylamino-benzyl)-methyl-amino]- 
4-methyl-pentanoic acid (0,28 g, 1.01 mmol) in 15 mL of DMF was added HBTU 
(0,38 g, 1,01 mmol) and diisopropylethylamine (0,65 g, 5.05 mmol). The mixture 

1 0 was stirred for 30 minutes at O'^C. A solution of 2-amino-3-(4-benzyloxyphenyl)- 

N-(l-propyl-piperidin-3-yl)propionamide (0.40 g, 1.01 mmol) in 15 mL of DMF 
was added to the reaction mixture. The reaction mixture was allowed to reach the 
room temperature and was stirred for another 30 minutes. The mixture was diluted 
with 40 mL of ethyl acetate, washed with IN HCl (2x10 mL), saturated 

1 5 NaHC03 (2x10 mL) and saturated solution of brine (2x10 mL). The organic 

layer was separated, dried with Na2S04 and evaporated to dryness. The crude 
residue was purified by chromatography (silica gel, 6:4 hexane/ethyl acetate). The 
purified product was crystallized from methylene chloride and petroleum ether to 
give the title compound (0.34 g, 49%) as a white powder; mp 131-133°C 

20 Analysis calculated for C40H57N5O3: 

C, 73.25; H, 8,76; N, 10,68. 
Found: C, 73,08; H, 8,85; N, 10,59. 

EXAMPLE 116 

(S-(R*,R*)]-4-Methyl-2-(inethyI-(3-methylbutyl).amino]-pentanoic acid 

25 [2-(4-ben2yloxy-phenyl)-l-(2-hydroxy-l,l-diinethyl-ethyIcarbanioyl)-ethyl]- 
amide 

A suspension of N-(2-methylbutyl)-N-methyl-Ieucine-tyrosine(OBn)- 
Kaiser oxime resin (Example 57, lie) in CH2CI2 was treated with 1 .5 equivalents 
of 2-hydroxy-l,l-dimethyIethylamine. The suspension was shaken for 48 hours. 
30 After the reaction was completed, additional CH2CI2 and 1 equivalent of polymer 
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supported isocyanate was added. After the suspension was shaken for 48 hours, 
the resin was fihered off, and the solvent was evaporated to yield the title product. 
APCI MS 538.5 (M + 1); HPLC retention time: 26.65 minutes, 

EXAMPLE 117 

5 [S-(R*Jl*)]-4-Methyl-2.{inethyI-(3-methylbutyl).amino]-pentanoicacid 

(2-(4-benzyIoxy-phenyI)-l-(2-piperidin-l-yl-ethylcarbamoyl)-ethyl]-amide 

A suspension of N-(2-methylbutyl)-N-methy I-leucine-tyrosine(OBn> 
Kaiser oxime resin (Example 57, lie) in CH2CI2 was treated with 1.5 equivalents 
of 2-piperdin-l-ylethylamine. The suspension was shaken for 48 hours. After the 
10 reaction was completed, additional CH2CI2 and 1 equivalent of polymer 

supported isocyanate was added. After the suspension was shaken for 48 hours, 
the resin was filtered off, and the solvent was evaporated to yield the title product. 
APCI MS 5793 (M + 1); HPLC retention time: 19.62 minutes. 

EXAMPLE 118 

1 5 [S-(R*3*)l-4-Methyl-2-[methyl-(3-methy!-butyl)-amino]-pentanoic acid 

{2-(4-benzyloxy-phenyI)-l-I3-(2-oxo-pyrroIidin-l-yI)-propyIcarbamoyl]- 
ethyl}-amide 

A suspension of N-(2-methylbutyl)-N-methyl-leucine-ty^osine(OBn)- 
Kaiser oxime resin (Example 57, lie) in CH2CI2 was treated with 1.5 equivalents 
20 of l-(3-aminopropylamino)-pyrrolidinone. The suspension was shaken for 

48 hours. After the reaction was completed, additional CH2CI2 and 1 equivalent 
of polymer supported isocyanate was added. After the suspension was shaken for 
48 hours, the resin was filtered off, and the solvent was evaporated to yield the 
title product. 

25 APCI MS 593.3 (M + 1); HPLC retention time: 25.61 minutes. 

EXAMPLE 119 

[S-(R*,R*)]-4.Methyl-2-inorphoIin-4-yl-pentanoic acid [2-{4-benzyloxy- 
phenyl)-l-(2-morpholin-4-yI-ethylcarbamoyl)-ethyl]-amide was prepared in 
accordance with the procedure of Example 68 (Step 3), except 2-morpholin-4-yl- 
30 ethylamine was used instead of -benzyl-ethane- 1,2-diamine. 
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EXAMPLE 120 

[S-(R*^*)]-4-MethyI-2-morphoIin-4-yl-pentanoic acid [2-(4-benzyloxy- 
phenyI)-l-(2-pyridin-2-yI-ethyIcarbamoyI)-ethyl]-aniide was prepared in 
accordance with the procedme of Example 68 (Step 3), except 2-(2- 

aminoethyl)pyridine was used instead of -benzyl-ethane- 1,2-diamine. 
APCI MS 559.3 (M + 1); HPLC retention time: 19.00 minutes. 

EXAMPLE 121 

[S-(R* JR*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid 12-(4-ben2yloxy- 
phenyl)-l-(3-iinidazol-l-yl-propylcarbamoyl)-ethyI]-amide was prepared in 
accordance with the procedure of Example 68 (Step 3), except histamine was used 
instead of -benzyl-ethane- 1,2-diamine, 
APGI MS 562.3 (M + 1) ; HPLC retention time: 18.90minutes. 

EXAMPLE 122 

[S-(R*,R*)]-4-Methyl-2-morphoIin-4-yl-pentanoic acid [2-(4-benzyloxy- 
pfaenyl)-l-(2-tfaiomorpholin-4-yI-ethylcarbamoyl)-ethyl]-amide was prepared 
in accordance with the procedure of Example 68 (Step 3), except thiomorpholine 

was used instead of -benzyl-ethane- 1,2-diamine. 

APCI MS 540.2 (M + 1); HPLC retention time: 25.65 minutes 

EXAMPLE 123 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yI-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(2-hydroxy-l,l-dimethy!-ethyIcarbamoyl)-ethyI]-ainide was 

prepared in accordance with the procedure of Example 68 (Step 3), except 

l,l-dimethyl-2-hydroxy-ethyIamine was used instead of Nl-be^zyI-ethane- 
l ,2-diamine, 

APCI MS 526.3 (M + 1); HPLC retention time: 22,65 minutes. 
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EXAMPLE 124 

[S-(R*,R*)]-4-MethyI-2-morphoIin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)-l-(14-bis-hydroxymethyl-propyl-carbamoyl)-ethyI]-ainide was 

prepared in accordance with the procedure of Example 68 (Step 3), except 

5 2-amino-2-methyl-propane- 1 ,3-diol was used instead of N 1 -benzy 1-ethane- 

1,2-dianiine. 

APCI MS 556.3 (M + 1); HPLC retention time: 2L55 minutes. 

EXAMPLE 125 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-ben2yloxy- 
10 phenyl)-l-(2-pyrroIidin-l-yI-ethylcarbanioyl)-ethyl]-amide was prepared in 

accordance with the procedure of Example 68 (Step 3), except 2-pyrrolidin-l-yl- 
ethylamine was used instead of Nl-benzyl-ethane-l,2-diamine. 
APCI MS 551.3 (M + 1); HPLC retention time: 19.34 minutes. 

EXAMPLE 126 

15 IS-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4-benzyloxy- 

phenyl)-l-(4-hydroxypiperidinyIcarbamoyl)-ethyl]-amide was prepared in 
accordance with the procedure of Example 68 (Step 3), except piperidine-4-ol was 
used instead of -benzy I-ethane-l,2-diamine, 
APCI MS 538.3 (M + 1); HPLC retention time: 20.96 minutes. 



20 EXAMPLE 127 

(S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-aniino)-pentanoic acid 
(2-(4-benzyIoxy-phenyl)-l-(2-morpholin-4-yI-€thyIcarbanioyl)-cthyl]-amide 

was prepared in accordance with the procedure of Example 71 (Step 3), except 

2-morpholin-4-yl-ethyIamine was used instead of -benzyl-ethane- 1,2-diamine. 
25 APCI MS 595.3 (M + 1); HPLC retention time: 19.40 minutes. 

EXAMPLE 128 

[S-(R*,R*)l-4-Methyl-2-(tetrahydropyran-4-yl-ainino>-pentanoic acid 
(2-(4-benzyloxy-phenyI)-l-(-(2-pyridin-2-yI-ethyIcarbamoyl)-ethyl]-amide 
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-no- 
was prepared in accordance with the procedure of Example 71 (Step 3), except 
2-(2-aininoethyl)pyridine was used instead of -benzyl-ethane- 1,2-diamine. 
APCI MS 587.3 (M + 1); HPLC retention time: 19.36 minutes. 

EXAMPLE 129 

5 [S-(R*4i*)]-4-MethyI-2-(tetrahydropyran-4-yl-ainino)-pentanoic acid 

(2-(4-benzyloxy-pheny!)-l-(3-imidazoH-yI-propylcarbamoyl)-ethyl]-amide 

was prepared in accordance with the procedure of Example 71 (Step 3), except 

histamine was used instead of -benzyl-ethane- 1,2-diamine. 
APCI MS 590.3 (M + 1); HPLC retention time: 19.16 minutes. 

10 EXAMPLE 130 

{S-(R*,R*)]-4-MethyI-2-(tetrahydropyran-4-yI-amino)-pentanoic acid 
(2-(4-beiizyloxy-phenyI)-l-(2-pyrroIidine-l-yI-ethyIcarbainoyl]-ainidewas 

prepared in accordance with the procedure of Example 71 (Step 3), except 

2-pyrrolidine-l-yI-ethylamine was used instead of -benzyl-ethane- 1,2-diamine. 
1 5 APCI MS 579.4 (M + 1); HPLC retention time: 19.62 minutes. 

EXAMPLE 131 

lS-(R*,R*)]-4-MethyI-2-(tetrahydropyran-4-yI-ainino)-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-(4-hydroxy-piperinylcarbamoyI]-ainide was 

prepared in accordance with the procedure of Example 71 (Step 3), except 

20 2-4-hydroxypiperidine was used instead of -benzyl-ethane- 1,2-diamine. 

APCI MS 566.3 (M + 1); HPLC retention time: 21.35 minutes. 

EXAMPLE 132 

lS-(R*,R*)]-2-Dimethylaniino-4-methyI-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(2-morphoIin-4-yI-ethyicarbamoyI)-ethyI]-ainide was prepared in 
25 accordance with Example 57 (Step 3) except [S-(R*,R*)]-2-{2-dimethyIamino- 

4-methyl-penanoylamino}-3-(4-benzyIoxy-phenyl)-propionic acid Kaiser oxime 
resin ester was used instead of lie (Step 3). 
APCI MS 525.4 (M + 1): HPLC retention time: 1 8.83 minutes. 
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EXAMPLE 133 

[S-(R*3*)]-2-Dimethylainino-4-inethyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(2-(2-aminoethyl)pyridine carbanioy])-ethyl]-ainide was prepared in 
accordance with the procedure of Example 132 (Step 3), except 
! 2-(2-aminoethyl)pyridine was used instead of 2-moipholin-4-yl-ethylamine. 

HPLC retention time: 18.81 minutes. 



EXAMPLE 134 

[S-(R*^*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-{4-benzyloxy- 
phenyl)-l-(3-imidazol-l-yI-propyIcarbamoyl)-ethyIl-amide was prepared in 
1 0 accordance with the procedure of Example 132 (Step 3), except histamine was 

used instead of 2-morpholin-4-yl-ethylamine. 
APCI MS 520.4 (M + 1); HPLC retention time: 18.62 minutes. 

EXAMPLE 135 

[S-(R*,R*)]-2-Dimethylainino-4-methyl-pentanoic acid (2-(4-benzyloxy- 
15 phenyl)-l-(thiomorpholinecarbanioyI)-ethyl]-amide was prepared in 

accordance with the procedure of Example 132 (Step 3), except thiomorpholine 

was used instead of 2-morpholin-4-y 1-ethylamine. 

APCI MS 4983 (M + 1); HPLC retention time: 25.61 minutes. 

EXAMPLE 136 

20 [S-(R*,R*)l-2-Dimethylamino-4-methyI-pentanoic acid [2-(4-benzyloxy- 

phenyl)-l-(2-aminopropan-l-oI carbamoyI)-ethyl]*aniide was prepared in 
accordance with the procedure of Example 133 (Step 3), except 2-aminopropan- 

1- ol was used instead of 2-morpholin-4-y 1-ethylamine. 

APCI MS 484.4 (M + 1); HPLC retention time: 22.62 minutes. 

25 EXAMPLE 137 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyioxy- 
phenyl)-l-(2-hydroxymethylbutan-l-ol)-ethyl]-amide was prepared in 
accordance with the procedure of Example 132 (Step 3), except 

2- hydroxymethylbutan-l-ol was used instead of 2-morpholin-4-yl-ethylamine. 
30 APCI MS 498.4 (M + 1); HPLC retention time: 21,38 minutes. 
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EXAMPLE 138 

[S-(R*3*)]-2-DimethyIamino-4-methyl-pentaii ic acid (2-(4-benzyloxy- 
phenyl)-l-(l-methoxymethyI-propylcarbamoyI)-ethylJ-amide was prepared in 
accordance with the procedure of Example 132 (Step 3), except 
1-methoxymethyl-propyIamine was used instead of 2-morphoIin-4-yI-ethylaniine. 
APCI MS 498.4 (M + 1); HPLC retention time: 24.88 minutes. 

EXAMPLE 139 

(S-(R*,R*)]-2-DimethyIamino-4-inethyI-pentanoic acid [2-(4-benzyloxy- 
phenyI)-l-{2-pyrroUdin-l-yl-ethyIcarbamoyl)-ethyl]-ainide was prepared in 
accordance with the procedure of Example 132 (Step 3), except 2-pyTroUdin-l-yI- 
ethylamine was used instead of 2-moipholin-4-yl-ethylamine. 
APCI MS 509.4 (M + 1); HPLC retention time: 19.14 minutes. 

EXAMPLE 140 

[S-(R*,R*)]-2-DimethyIamino-4-methyI-pentanoic acid {2-(4-benzyIoxy- 
1 5 phenyl)-l-[2-(2-hydroxy-ethylaniino)-ethylcarbamoyl]-ethyI}-amide was 

prepared in accordance with the procedure of Example 1 32 (Step 3), except 
2-(2-aminoethylamino)-ethanol was used instead of 2-morphoUn-4-yI-ethylaraine. 
APCI MS 499.3 (M + 1 ); HPLC retention time: 1 8.44 minutes. 



10 



BIOLOGICAL ACTIVITY 

The compounds of the present invention exhibit valuable biological 
properties because of their ability to block calcium flux through N-type voltage- 
gated calcium channels. To measure interaction at the N-type Ca2+ channel and 
calcium flux inhibition, the effects of the compounds of the present invention 
were measured in the assays described below. 
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Measurement of N-type Ca2+ Channel Blocking Potencies of Compounds in 
IMR-32 Cells Using the Flu rescent Ca2+ Indicator Indo-1 

IMR-32 cells are a human tumoral cell line of neural origin. The 
IMR-32 cell line has been shown to contain both N- and L-type voltage sensitive 
5 calcium channels. Calcium flux into these cells may be induced by stimulation 

with elevated potassium concentrations. The L-channel component of calciimi 
flux may be blocked by adding 5 |i.M nitrendipine. The remaining component of 
calcium entry into the IMR-32 cells is due to calciima flux through N-type calcixmi 
channels. Intracellular calcium concentrations are measured using the fluorescent 
1 0 calcium indicator Indo- 1 . The effect of drug concentration on calcium uptake is 

studied. 

Methods 

The IMR-32 cell line was obtained from the American Type Culture 
Collection (Rockville, MD). Cells were grown in Eagle's Minimum Essential 

15 Medium with Earle's salts supplemented with 10% fetal bovine serum, 2 mM 

L-GIn and antibiotic/antimycotic mixture (Gibco). At approximately 80% 
confluency, differentiation was induced by the addition of 1 mM dibutyryl cAMP 
and 2,5 jiM bromodeoxyuridine to the medium. After 7 to 13 days of 
differentiation, cells were detached using 0.5 mM EDTA and loaded with 5 |lM 

20 Indo-1 acetoxymethyl ester (Molecular Probes, Eugene, OR) at 30°C for 

45 minutes. Loaded cells were washed twice, resuspended (-10^ cells/mL) in 
assay buffer (10 mM HEPES/Tris pH 7.4 in Hank's Balanced Salt Solution 
without bicarbonate or phenol red containing 0,5% bovine serum albumin) and 
kept on ice until use. Fluorescence measurements were carried out in a Photon 

25 Technology International (PTI, South Brunswick, NJ) Model RF-F3004 

spectrofluorometer with dual emission monochromators using excitation at 
350 nm and emission at 400 and 490 nm. The instrument was equipped with a 
thermostated cuvette holder with stirring capabilities as well as with a computer- 
controlled pump which allowed for reagent addition during measurement. 

30 Instrument control and data collection was done by PTI's OSCAR software 

running on an IBM compatible computer. Different concentrations of the test 
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compounds (60 |iL in dimethyl sulfoxide) were added to 5.94 mL of assay buffer 
containing approximately 3 x 10^ loaded cells, and 5 jiM nitrendipine (in 30 ^iL 
EtOH) to block L-type Ca2+ channels. Samples were incubated for 10 minutes at 
30^*0 and then aliquoted into three 10 x 10 mm disposable acrylic cuvettes. 
5 Emission signals at 400 and 490 nm were acquired from each cuvette at 30°C for 

50 seconds. At 20 seconds after the start of reading, cells were depolarized by the 
addition of 160 ^lL of stimulation solution (IM KCl, 68 mM CaCl2) to the cuvette 
via the computer-controlled pump. Ratio of dual emission signals (400 nm/ 
490 nm), which is proportional to intracellular Ca2+ concentration, was plotted 
10 against time, and the difference between maximal response after stimulation and 

basal value (before stimulation) was determined. Values obtained in this way were 
plotted as a fimction of drug concentration. IC50 values of test compoimds were 

calculated by fitting a four-parameter logistic fimction to the data using the least 
squares method. 

15 In Vivo Biological Protocol 

A compound of the present invention was dissolved in water using 10% 
(weight/volume) Emulphor (GAP Corp., Wayne, NJ) surfactant. Substances were 
administered by intravenous injection into the retro-orbital venous sinus. All 
testing was performed 15 minutes or 45 minutes after drug injection. All the male 

20 mice, 3-4 weeks old were obtained from Jackson Laboratories Bar Harbour, ME. 

Immediately before anticonvulsant testing, mice were placed upon a wire mesh, 
4 inches square suspended from a steel rod. The square was slowly inverted 
through 180 degrees and mice observed for 30 seconds. Any mouse falling from 
the wire mesh was scored as ataxia. 

25 Mice were placed into an enclosed acrylic plastic chamber (21 cm height, 

approximately 30 cm diameter) with a high-frequency speaker (4 cm diameter) in 
the center of the top lid. An audio signal generator (Protek model B-810) was used 
to produce a continuous sinusoidal tone that was swept linearly in frequency 
between 8 kHz and 16 kHz once each 10 msec. The average sound pressure level 

30 (SPL) during stimulation was approximately 100 dB at the floor of the chamber. 

Mice were placed within the chamber and allowed to acclimatize for 1 minute. 
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DBA/2 mice in the vehicle-treated group responded to the sound stimulus (applied 
until tonic extension occurred, or for a maximum of 60 sec) with a characteristic 
seizure sequence consisting of wild running followed by clonic seizures, and later 
by tonic extension, and finally by respiratory arrest and death in 80% or more of 
5 the mice. In vehicle-treated mice, the entire sequence of seizures to respiratory 

arrest lasts approximately 15-20 seconds. 

The incidence of all the seizure phases in the drug-treated and vehicle- 
treated mice was recorded, and the occurrence of tonic seizures were used for 
calculating anticonvulsant ED50 values by probit analysis. Mice were used only 

1 0 once for testing at each time and dose point. Results of this assay are shown below 

in Table 2. 





TABLE 1 


Example 


IMR 32 % of 




Blockade @ |iM 


1 


IC50 = 2.3 nM 


2 


92%@10, 36%@1 


3 


70%@10,21%@I 


4 


94%@10.50%@1 


5 


81%@10, 24%@1 


6 


31%@10, 16%@1 


7, 34 


IC5o = 0.32 jiM 


8 


87%@10, 70%@1 


9 


89%@10, 60%@1 


10 


80%@10, 61%@1 


11 


89%@10, 70%@1 


12 


88%@10, 39%@1 


13.48 


IC50 = 0 laM 


14 


85%@10, 80%@1 


15 


80%@10, 56%@1 


16 


66%@ 1 0, 4 1%@1 
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TABLE 1 (cont^d) 



Example 


IMR 32 % of 




Blockade @ jiM 


17 


IC<;n = 0 44 uM 


1 Q 


yD%@10, 52%@1 


ly, DO 


IC50 = 0.2 |iM 


20 


87%@10, 65%@1 


o 1 

Zi 


IC50 ^ 0-88 fiM 




o/yo(ajiu, 57%@i 


23 


80%@3, 53%@1 


24 


84%@10, 32%@1 


25 


IC50 = 0.67 nM 


26 


IC50 = 0.6 


27 


IC50=1.3^lM 


28 


IC50 = 0.5 uM 


9Q 


IC50 0.6 jiM 


30 


IC5o= 1.2MJVI 


31 


IC50 = 0-32 nM 


32 


IC50 = 0.25 iiM 


33 


95%@10, 52%@1 


35 


IC50 = 2.3 


36 


IC50 = 0.4 yM 


37 


IC5o=1.0 


38 


23%@1 


39 


IC^A = 0 39 uM 


40 


IC50 = 0.28 1.1M 


41 


IC50 = 0.28 


42 


IC50 = 0.38 (iM 


43 


96%@10, 51%@I 


44 


74%@3, 35%@0.3 


45 


77%@3,45%@0.3 
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TABLE 1 (cont'd) 



Example 


IMR 32 % of 




OlOCKaUc (uj |iIVl 


46 


74%@3, 36%@0.3 


47 


ICsn = 0.28 uM 


49 


ICcA = 0 66 uM 


50 


IC^o = 0 42 uM 


51 


IC<n =13 uM 


52 


IC<:a = 0 77 uM 


53 


IC<n = 07 uM 


54 


IC50 = 0 36 uM 


55 


-IC5o = 0.1 nM 


57 


IC50 = 2.1 jiM 


58 


IC5o = 1.0 ^M 


59 


IC5o = 1.6 nM 


60 


IC50 = 0-2 HM 


61 


IC50 = 0.4 


62 . 


IC50= 1.1 nM 


63 


IC50 = 0.8 \iM 


64 


IC50 = 2.4 nM 


65 


IC50= 1.1 \iM 


66 


IC5o= 1.9 \iM 


67 


IC50 = 0.4 \iM 


68 


IC5o=l.l|iM 


69 


IC5o= 1.3 \iM 


70 


IC50 = 2.3 jiM 


71 


IC50 = 0.7 uM 


72 


IC50= 1.2 fiM 


73 


IC50 = 2.7 nM 


74 


IC50 = 2.6 jiM 


75 


IC50 = 2.4 ^M 


76 


IC50 = 0-6 


77 


IC50 = 2.6 
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TABLE 1 (cont'd) 



Example 


IMR 32 % of 




Blockade @ nM 


78 


IC5o= 1.6 nM 


79 


IC5o = 2.1 ^M 


80 


IC50 = 0-3 


81 


IC5o = 0.16 fiM 


82 


IC5o= 1.3 ^M 


83 


IC50= 1.3 ^iM 


84 


IC50 = 0.37 fiM 


85 


IC50 = 0.32 ^M 


86 


IC50 = 2.8 \iM 


87 


1C50 = 3.1 LiM 


88 


30% blockade (a) 1 aM 


89 


IC5o= 1.0 LiM 


90 


IC50 = 0.9 ^M 


91 


IC50 = 0.3 nM 


92 


IC50 = 0.8 ^M 


93 


IC50 = 0.2 


94 


24%@ljiM 


95 


IC50 = 0.46 ^M 


96 


IC5o = 4.4 


97 


IC50 = 2.2 nM 


98 


IC50 = 0.4 ^M 


99 


IC50= 1-4 


100 


ICsn = 2.0 iiM 


101 


26% @ 1 nM 


102 


IC5o= 1.6 


103 


IC50= 1.5 


104 


IC5o= 1-3 |iM 


105 


IC30 = 0-24 ^M 


103 


100% (lOmg/kg) 
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TABLE 1 (cont'd) 



Example 


IMR 32 % of 




Blockade @ jiM 


104 


IC^n = 1 3 uM 


1 

1 


iC50 ~ |iM 


116 


1.4 |iM 


117 


0.64 nM 


118 


1.9 M.M 


119 


18|iM 


120 


6^iM 


121 


14 


122 


-3.1 nM 


123 


13 \iM 


124 


.. 7.2 ^iM 


125 


9.7 nM 


126 


6.4 ^iM 


127 


7.5 |xM 


128 


3.9 ftM 


129 


6.3 


130 


6.5 \xM 


131 


10 |lM 


132 


12 fiM 


133 


5.9 


134 


1.6 


135 


1.4 yM 


136 


3.6 ^iM 


137 


6.2 


138 


3.0 


139 


38.8 \iM 


140 


5.1 
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TABLE 2 


Example 


DBA/2 mice 


Number 


% Protection dose @ 30mg/kg 


7 


100% 


13 


60% 


25 


100% 


31 


100% 


47 


100% 


84 


100%(10mg/kg) 


90 


60% (30 mg/kg) 


92 


100%(30mg/kg) 


93 


80% (30 mg/kg) 


97 


40% (30 mg/kg) 


103 


100% (10 mg/kg) 
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What is claimed is: 



1 , Compounds having the Foraiula I 
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10 



15 



20 



wherein 

* denotes a first chiral center when and are different; 
@ denotes a second chiral center; 

Rl and r2 are independently hydrogen Ci-Cgalkyl, C3-C7cycloalkyI, 
C3-Cgsubstituted alkyl, Cj-Cgalkoxy, hydroxy, 
C3-C6heterocycloalkyl, C3-C7cycloalkenyl, C3-C7substituted, 
cycloalkenyl, Cs-Cysubstituted cycloalkyl, -(CH2)n-aryl, (CH2)n- 
substituted aryl, C2-Cgalkenyl, C2-C8Substituted alkenyl, 

0 O 

1 0 

-CH2-COCi-C6alkyl, -CH2-COH, -(CH2)n-heteroaiyl, 
-(CH2)n-substituted heteroaryl, -(CH2)n-C3-C7heterocycle, 
-(CH2)n-substituted C3-C7heterocycle, -(CH2)n-cycloalkyl, 
-(CH2)n-substituted cycloalkyl, or R^ and R^ may be taken 
together to form a 5- to 7-membered ring which may contain 
heteroatoms, provided that R^ and R^ are not both hydrogen; 

R3, r5, and r6 are independently hydrogen or Ci-Cgalkyl; 

r4 isCi-Cgalkyl, 
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-(CH2)nC3-C7cycloalkyl, 
-(CH2)nC3-C7Substitutecl cycloalkyl, or 
-(CH2)nPhenyl; 

Y is -(CH2)n-. -0(CH2)n-, -(CH2)nO-, -N(R3)(CH2)n-, -(CH2)nN(R3)-, 
5 -S(CH2)n-. -(CH2)nS-, -C=C-, or -C^C-; 

Z is aryl, substituted aryl, heteroaryl, substituted heteroaryl, 

C3-C7cycloalkyl, substituted C3-C7cycloalkyl, or Ci-Cgalkyl; 
X is heterocycle, substituted heterocycle, 

-NH(CH2)nNR3R5, 
10 -NH(CH2)nheteroaryl, 

-NH(CH2)n substituted heteroaryl, 

-NH(CH2)nNH(CH2)nPhenyl, 

-NH(CH2)nNH(CH2)n-OH, 

-NH-heterocycle-CH2phenyl, 

15 CH3 

I 

-NH-C-CH2-OH, 
I 

CH3 

20 Ci-Cgalkyl 

I 

-NH-C-CH2OH, 
I 

CH2OH 

25 CH2OR3 

I 

-NH-C 
I 

C1-C6 alkyl 



30 



_j^/Ci-C6alkyl 



'CH20Cj-Cgalkyl , 




N-\ N— CH2-phenyl, 
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-NH(CH2)n-heterocycloalkyl, 
-OCi-Cgalkyl, 




^CHoOC.-C^alkyl 
— N-CH 2 16^ 

H ^Cj-Cgalkyl 

-NH(CH2)nheterocycle, 
1 0 -NH(CH2)nSubstituted heterocycle; 

-0R3, -NHR3, -NR3r5, wherein in addition to the definitions of 

r3 and R^ above, R^ and r5 can together with the nitrogen 
atom form a ring having from 3 to 7 atoms; 
each n is 0 to 5, and the pharmaceutically acceptable salts, esters, amides, 
1 5 and prodrugs thereof. 

2. A compound according to Claim 1 wherein is methyl. 



A compound according to Claim 1 wherein r3, r5^ and R^ are hydrogen. 
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4. A compound according to Claim 1 wherein 

X is -N-tert-butyl or -0-tert-butyl. 
I 

H 

5 5. A compound according to Claim 1 wherein 

Y is -OCH2-, or -N- CH2-. 

I 

H 

6. A compound according to Claim 1 wherein Z is phenyl. 

10 7. * A compound according to Claim 1 wherein 

R} is methyl, r3, r5^ and are Hydrogen, R^ is isobutyl, 

X is -N-tert-butyl, 
1 

H 

15 Y is -OCH2-, and Z is phenyl. 

8. A compound according to Claim 1 wherein 

r3 is hydrogen and r2 is C^-Cg alkyl, substituted cyclohexyl, cyclohexyl, 
cyclohexenyl, -CH2-phenyl, -CH2-substituted phenyl, 
-CH2-cyclohexyl, alkenyl, -CH2-pyridyl, 

20 





^N— Cj-Cg alkyl ^ 

-(CH2)j^-N^ , or — (^N—CH2— phenyl ; or 

r2 and r3 taken together along with the nitrogen atom form a ring having 
the structure 

O^^ N — (^^2)m N , where m is 3, 4, 5, or 6, 

— N-CH2— phenyl , or —\ N— CpCg alkyl 
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9. A compound according to Claim 1 wherein r3 is isobutyl, and is 
hydrogen. 

10. A compound according to Claim 1 wherein and R^ are hydrogen. 

11. A compoimd according to Claim 1 wherein r2 is C^-Cgalkyl, cyclohexyl, 
5 substituted cyclohexyl, -CH2-phenyl, or CH2-substituted phenyl. 

12. A compound according to Claim 1 wherein 

X is -N-tert-butyl, -O-tert-butyl, 
I 

H 

-\D , -^(CH2)^-N^ , -N^N-CH2-phenyl , 
10 H . 

— N— <^ N— CH2phenyl , or — N— C^-Cgalkyl 
H ^ 

13. A compound according to Claim 1 wherein R^ is Cj-Cgalkenyl. 

14. A compound according to Claim 1 wherein 
r1 is methyl; 

15 r2 is Cj-Cgalkyl, substituted cyclohexyl, cyclohexyl, cyclohexenyl, 

-CH2-phenyl, -CH2-substituted phenyl, -CH2-cyclohexyl, 
Ci-Cgalkenyl, -CH2-pyridyl, 



— ^ N— C I -Cg alkyl or ^ . wherein m is 3 , 4, 



5, or 6; 

20 r3,r5, and r6 are hydrogen; 

R4 is isobutyl; 

X is -N-tert-butyl or -O-tert-butyl; 
I 

H 
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Y is -O-CH2- or -N-CH2-; and 

I 

H 

Z is phenyl. 

5 15. A compound according to Claim 1 wherein 

Y is -O-CH2- or -N-CH2-; 

H 

Z is phenyl; 

10 X is -N-tert-butyl, -O-tert-butyl, 

I 

H 

, -^(Cii2>rr\^ , -N^N-CH2-phenyl , 
H 

— N-(^N— CH2phenyl , or — N N— C|-Cg alkyl . 
H ^ ^ 

15 R4andR5 are hydrogen; 

is isobutyl; 

r1 is methyl; and 

r2 is Ci-Cgalkyl, -(CH2)nSubstituted phenyl, or cyclohexyl. 

16. The compound of Claim 1 that is: 
20 2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 

phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-Dimethylamino-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -(piperidine- 1 -carbonyl)-ethyI]-amide; 

2-Dimethylamino-4-methyi-pentanoic acid [2-(4-benzyloxy- 
25 phenyl)- 1 -(2-piperidin- 1 -y l-ethylcarbamoyl)-ethyl]-amide; 

2-DimethyIamino-4-methyl-pentanoic acid [l-(4-benzyloxy- 
benzy l)-2-(4-benzyl-piperazin- 1 -y l)-2-oxo-ethyl]-amide; 

2-Dimethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-l-(l-benzyl-piperidin-4-yl-carbamoyl)-ethyl]-amide; 
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2-DiinethyIainino-4-methyl-pentanoic acid [l-(4-beiizyloxy- 
bexizyl)-2-(4-methyl-piperazin- 1 -yl)-2-oxo-ethyl]-amicie; 

4-Melliyl-2-[methyl-{3-methyl-butyi)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbainoyl-ethyl]-amide; 
5 4-Methyl-2-[methyl-(3-methyl-butyI>amino]-pentanoic acid 

[ 1 •(4-benzyloxy-benzyl)-2-oxo-2-piperidin- 1 -yl-ethyl]-amide; 

4-MethyI-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -(2-piperidin- 1 -y 1-ethy lcarbamoyl)-ethyl]- 
amide; 

10 4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 

. [ 1 -(4-ben2yloxy-benzyl)-2-(4-benzyl-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 
4-Methyl-2-[methyl-(3-methyl-butyl)-ainino]-pent^oic acid 
[2-(4-benzyloxy-phenyl)-l-(l-benzyl-piperidin-4-ylcarbamoyl)-eth^ 
amide; 

15 4-Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 

[ 1 -(4-benzyloxy-benzyl)-2-(4-methyl-piperazin- 1 -yI)-2-oxo-ethyl]-amide; 

2-[(4-teTt-Butyl-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-ainide; 

2-[(4-tert-Butyi-ben2yl)-methyl-amino]-4-rnethyl-pentanoic acid 
20 [2-(4-ben2yloxy-phenyl)- 1 -(piperidine- 1 -carbonyl)-ethyl]-amide; 

2-[(4-tert-Butyl-ben2yi)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -(2-piperidin- 1 -yl-ethylcarbamoyl)-ethy 1]- 
amide; 

2-[(4-tert-Butyl-ben2yl)-methyI-amino]-4-methyl-pentanoic acid 
25 [l-(4-berizyloxy-benzyl)-2-(4-ben2yi-piperazin-l-yl)-2-oxo-ethyl]-amide; 

2-[(4-tert-Butyl-ben2yl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyioxy-phenyl)-l-(l-benzyl-piperidin-4-yl-carbamoyl)-ethyl]- 
amide; 

2-[(4-tert-Butyl-benzyl)-methyl-aiiiino]-4-niethyl-pentanoic acid 
30 [1 -(4-ben2yloxy-ben2yl)-2-(4-methyI-piperazin- l-yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexyl-methyI-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -tert-butylcarbamoy 1-ethy l]-amide; 



wo 98/54123 PCTAJS98/10838 

-128- 

2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbonyl)-ethyl]-ainide; 
2-(Cyclohexyl-methyl-ainino>4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)-l-(2-piperidin-l-yI-ethylcarbainoyl)-ethyl]- 
5 amide; 

2-(Cyclohexyl-inethyl-amino)-4-methyI-pentanoic acid 
[ 1 -(4.benzyloxy-benzyl)-2-(4-benzyI-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 

2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-beiizyloxy-phenyl)- 1 -( 1 -ben2yl-piperidin-4-y lcarbamoyl)-ethyl]- 
1 0 amide; 

2-(Cyclohexyl-methyl-amino)-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-(4-methy 1-piperazin- 1 -yl)-2-oxo-ethyI]-amide; 

2-(Cyclohexylmethyl-methyl-amino)-4-methyI-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoy l-ethyl]-amide; 
1 5 2-(CyclohexyImethyI-methyl-amino)-4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)-l-(piperidine-l-carbonyl>ethyl3-amide; 

2-(Cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -yl-ethylcarbamoy l)-ethyl]- 
amide; 

20 2-(Cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid 

[ 1 -(4-benzyloxy-ben2yl)-2-(4-ben2yl-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 

2- (Cyclohexylmethyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -( 1 -benzyl-piperidin-4-y lcarbamoyl)-ethyl]- 
amide; 

25 2-(Cyclohexyimethyl-methyl-amino)-4-methyl-pentanoic acid 

[ 1 -(4-benzy loxy-benzy l)-2-(4-methyI-piperazin- 1 -yl)-2-oxo-ethyl]-amide ; 

3- (4-Benzyloxy-piienyl)-2-[4-methyl-2-(3-methyl-but- 
2-enyIamino)-pentanoyiamino] -propionic acid tert-butyl ester; 

3-(4-Ben2yloxy-phenyl)-2-[2-(4-tert-butyI-benzylamino)-4-methyl- 
30 pentanoylaminoj-propionic acid tert-butyl ester; 

2-(2-Ben2ylamino-4-methyl-pentanoylamino)-3-(4-benzyloxy- 
phenyl)-propionic acid tert-butyl ester; 
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4-MethyI-2-[methyl-(3-methyl-butyl)-ammo]-pentanoic acid 
[2-(4-ben2yloxy-phenyl> 1 -tert-butylcarbanioyl-ethyI]-amide- 

4-Methyl-2-methylamino-pentanoic acid [2-(4-benzyIoxy-phenyl)- 
1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(33-Dimethyl-butyl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-ainide; 

2-Diethylamino-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -tert-butylcarbamoy l-ethyl]-amide; 

2-[(4-tert-Bu1yl-cyclohexyl)-methyi-aniino]-4-methyl-pentanoic 
acid [2-(4-benzyloxy-phenyl)-l -tert-butyIcarbamoyl-ethyl]-ainide; 

4-Methyl-2-[methyl-(4-methyl-cyclohexyl)-amino]-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-bntylcarbamoyl-ethylj-amide; 

2-[(4-Dimethylamino-beiizyl)-methyl-amino]-4-methyl-pentanoic 
acid [2-(4-benzyloxy-phenyl)-l -tert-butylcarbamoyl-ethyl]-ainide; 

2-(Butyl-methyl-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2- (Isobutyl-methyl-ainino)-4-methyl-pentanoic acid 
[2-(4-beii2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

4-Methyl-2-methylainino-pentanoic acid [l-(4-benzyloxy-benzyl)- 
2-(4-benzyl-piperazin- 1 -yl)-2-oxo-ethyl]-ainide; 

3- Methyl-2-[methyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butylcarbainoyl-ethyl]-aniide; 

4- Methyl-2-[ethyl-(3-methyl-butyl)-amino]-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-butyIcarbamoyl-ethyl]-amide; 

4-Methyl-2-[methyl-(3-methyl-butyl)-ainino]-butyric acid 
[2-(4-ben2yIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl] -amide; 

2-(Cyclohex-2-enyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-tert-Butyl-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butyicarbamoyl-ethyl]-amide; 

2-(Cyclohex-2-enylainino)-4-methyl-pent£Lnoic acid 
[2-(4-benzyloxy-phenyI)- 1 -tert-butyIcarbamoyi-ethyl]-amide; 
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2-(4-tert-Butyl-ben2ylainino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-anude; 

4-Methyl-2-[methyl-(3-inethyl-but-2-enyl)-amino]-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-butylcarbainoyl-ethyl]-amide; 
5 2-(4-tert-Butyl-benzylaniino)-4-methyl-pentanoic acid 

[ 1 -(4-ben2yloxy-ben2yl)-2-(4-ben2yl-piperazin- 1 -yl)-2-oxo-ethyl]-amide; 

4-Methyl-2-(3-methyl-but-2-enyIainino)-pentanoic acid 
[ 1 -(4-benzyloxy-benzyl)-2-(4-ben2yl-piperazin- 1 -yl)-2-oxo-ethyI]-amide; 

2-(Ben2yl-methyl-amino)-4-methyl-pentanoic acid 
1 0 [2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-ainide; 

2-[(4-tert-ButyI-benzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzylamino-phenyl)- 1 -tert-butyIcarbamoyl-ethyl]-ainide; and 

2-(Cyclohexyl-methyl-aiiuno)-4-methyi-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide. 

15 17. The compound of Claim 1 that is: 

2-[(4-Chloro-benzyl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(2-Chloro-benzyl)-methyi-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 
20 2-[(3-Chloro-benzyl)-methyl-amino]-4-methyl-pentanoic acid 

[2-(4-benzyioxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-Methoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-Ethoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
25 [2-(4-benzy ioxy-phenyl)- 1 -tert-butylcarbamoyi-ethyl]-amide; 

2-[(3-Metfaoxyben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(2-Methoxyben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyJ]-amide; 
30 2-[(4-Pyridyl)-methyI-amino]-4-methyl-pentanoic acid 

[2-(4-benzy ioxy-phenyl)- 1 -tert-butylcarbamoyl-ethy l]-amide; 
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2-(2-Hydroxycyclohexyl-methyI-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl] -amide; 

4-Methyl-2-[methyl-(N,N-dimethyI-3-amino-propyl)-ainino]- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-tert-butylcarbainoyl-ethyl]- 
amide; 

2-(Cyclohexyl-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl> 1 -tert-butyIcarbainoyl-ethyl]-aniide; 

2-[(Isoprop-2-yl)-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(Isoprop-2-yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-[(N-methyl-piperidin-4-Yl)-melliyl-amino]-4-methyl-pentanoic 
acid [2-(4-benzyloxy-phenyl) -l-tert-butylcarbamoyl-ethyI]-amide; 

2- [(N-methyl-piperidin-4-y l)-amino]^-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-butylcarbamoyi-ethyl]-amide; 

2- [(Pyran-4-yl)-inethyl-ainino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyI-ethyl]-amide; 

2-[(Pyran-4-yl)-amino]-4-methyl-pentanoic acid [2-(4-ben2yloxy- 
phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-PyrTolidine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 -tert-butylcarbamoyl-ethyl]-amide; 

2-Piperidine-4-methyl-pentanoic acid [2-(4-ben2yloxy-phenyl)- 
1 -tert-butylcarbamoyl-ethyl]-amide; 

2-Hexamethyleneimine-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -tert-butyicarbamoyl-ethyij-amide; 

2-[(4-FIuoro-benzyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-ben2yIoxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethylj-amide; 

2-[(4-Chloro-ben2yl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-ben2y loxy-pheny 1)- 1 -(piperidine- 1 -carbamoyl-ethy l]-amide; 

2-[(4-Bronio-benzyl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l -(piperidine- l-carbamoyl-ethyl]-amide; 

2-[(2-Chloro-ben2yl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 
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2-[(3-Chloro-benzyl)-methyl-ainino-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethylj-amide; 

2-[(4-Hydroxyben2yl)-methyl-amiQo]-4-niethyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 
5 2-[(4-Methoxybenzyl)-methyl-amino]-4-methyI-peiitanoic acid 

[2-(4-benzyloxy-phenyl>- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 

2-[(4-Ethoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-(piperidine- 1 -carbamoy l-ethyl]-amide; 

2-[(3-Methoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
1 0 [2-(4-benzyloxy-phenyl> 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 

2-[(2-Methoxybeiizyl)-niethyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyI-ethyl]-amide; 

2-[(4-Pyridyl)-methyl-ainino3-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 
1 5 2-[(2-Hydroxycyclohexyl-methyl-araino]-4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethy IJ-amide; 

4-Methyl-2-[niethyl-(N,N-diniethyI-3-aniino-propyl)-amino]- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-(piperidine-l-carbamoyl-ethyl]- 
amide; 

20 2-(Cyclohexyl-aniino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 

phenyl)- 1 -(piperidine- 1 -carbamoy l-ethyl]-amide; 

2-(Isoprop-2-yl)-aniino]-4-methyl-pentanoic acid [2-(4-benzyloxy- 
pheny I)- 1 -(piperidine- 1 -carbamoy l-ethyl]-aniide; 

2-(Isoprop-2-yl)-methyl-amino)-4-methyl-pentanoic acid 
25 [2-(4-ben2yloxy-phenyI)- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 

2-[N-methyi-piperidin-4-yl)-methyl-amino]-4-methyI-pentanoic 
acid [2-(4-ben2y loxy-phenyl)- 1 -(piperidine- 1 -carbamoy I-ethyl]-amide; 

2-[(N-methyl-piperidin-4-yl)-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethylj-amide; 
30 2-[(PyTan-4-yl)-methyl-ainino]-4-methyl-pentanoic acid 

[2-(4-benzyloxy-phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyI]-amide; 

2-[(PyTan-4-yl)-ainino]-4-methyI-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(piperidine- 1 -carbamoyl-ethylj-amide; 
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2-Pyrrolidine-4-methyl-pentanoic acid [2-(4-benzyIoxy-phenyl)- 
1 -(piperidine- 1 -carbamoyI-ethyl]-amide; 

2-Piperidine-4-methyl-pentanoic acid [2-(4-ben2yloxy-phenyl- 
1 -(piperidine- 1 -carbamoy l-ethyl]-ainide; 

2-Hexamethyleneimine-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)- 1 -(piperidine- 1 -carbamoyl-ethyl]-amide; 

2-[(4-Fluoro-benzyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethy l]-amide; 

2-[(4-Ch]oro-benzyl)-methyI-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyI)- 1 -tert-butylcarbainoyI-ethyl]-amide; 

2-[(4-Bromo-benzyl)-niethyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbanioyi-ethyl]-aniide; 

2-[(2-Chloro-ben2yl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butylcarbanioyl-ethyl] -amide; 

2-[(3-Chloro-ben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbainoyl-ethyl]-amide; 

2-[(4-Hydroxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

2-[(4-Methoxybenzyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-[(4-Ethoxyben2yl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-beii2yioxy-phenyl)- 1 -tert-butylcarbamoyl-ethylj-amide; 

2-[(3-Methoxyben2yI)-niethyl-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)-l-tert-butyicarbamoyl-ethyl]-amide; 

2-[(2-Methoxyben2yl)-niethyl-araino]-4-methyi-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethy IJ-amide; 

2-[(4-Pyridyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyI-ethyl]-amide; 

2-(2-HydroxycycIohexyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyI)-l-tert-butylcarbamoyi-ethyl]-amide; 

4-Methyi-2-[methyl-(N,N-dimethyi-3-amino-propyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 
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2-(Cyclohexyl-amino)-4-methyl-pentanoic acid [2-(4-benzyloxy- 
phenyl)-2-(4-inethyl-piperazin- 1 -yl]-2-oxo-ethyl]-ainide; 

2-[(Isoprop-2-yl)-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-2-(4-methyl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 
5 2-[(Isoprop-2-yl)-methyl-aniino]-4-inethyi-pentanoic acid 

[2-(4-benzyloxy-phenyl)-2-(4-methyl-pipera2in- 1 -yl)-2-oxo-ethyl]-amide; 

2-Pyrrolidine-4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
2-(4-methyI-pipera2iQ- 1 -yl)-2-oxo-ethyl] -amide; 

2-Piperidine-4-inethyl-pentanoic acid [2-(4-benzyloxy-phenyl)- 
1 0 2-(4-methyl-piperazin- 1 -yl)-2-oxo-ethyl]-aniide; and 

2-Hexamethyleneimine-4-methyl-pentanoic acid [2-(4-beiizyloxy- 
phenyl)-2-(4-methyl-piperazin- 1 -yl)-2-oxo-ethyl]-amide. 

18. A pharmaceutical composition comprising a compound of Claim 1 . 

19. A method of blocking calcium channels, the method comprising 
1 5 administering to a patient in need of calciimi channel blocking, a 

therapeutically effective amount of a compound of Claim 1 to block 
calcium channels. 

20. The method of Claim 19 wherein the calcium channels are N-type calcium 
channels. 

20 21. A method of blocking N-type calcium channels, the method comprising 

administering to a patient in need of N-type calcium channel blocking a 
therapeutically effective amount of a compound of Claim 1 to block 
N-type calcium channels. 

22. A method of treating stroke, the method comprising administering to a 
25 patient having a stroke a therapeutically effective amount of a compound 

of Claim 1. 
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A method of preventing a stroke, the method comprising administering to 
a patient at risk of having a stroke a therapeutically effective amount of a 
compound of Claim 1 . 

A method of treating cerebral ischemia, the method comprising 
administering to a patient having cerebral ischemia a therapeutically 
effective amount of a compoimd of Claim 1 , 

A method of treating head trauma, the method comprising administering to 
a patient having head trauma a therapeutically effective amount of a 
compound of Claim 1 . 

A method of treating epilepsy, the method comprising administering to a 
patient having epilepsy a therapeutically effective amount of a compound 
of Claim 1. 

A method of treating pain, the method comprising administering to a 
patient having pain a therapeutically effective amount of a compoxmd of 
Claim 1. 

The compounds: 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(2-morpholin-4-yl- 
ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyK3-methyl-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-{2-pyridin-2-yl- 
ethyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(3-imida2ol-l-yl- 
propylcarbamoyi)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl.(3-methyl-butyl)-amino]- 
pentanoic acid [l-(2-benzylamino-ethylcarbamoyl)-2-(4-benzyloxy- 
phenyl)-ethyl]-amide; 
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[S-(R*,R*)]-4-MethyI-2-[methyI-(3-methyI-butyl).ammo]- 
pentanoic acid [l-(4-benzyloxy-beiizyl)-2-oxo-2-thiomorpholin-4-yl- 
ethylj-amide; 

[S-(R*JR*)]-4-Methyl-2-[methyI-(3-methyl-butyl).amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(2-hydroxy-l-hydroxymethyl- 
1 -methyl-ethylcarbamoyl)-ethyl]-ainide; 

[S-(R*Jl*)]-4.Methyl-2-[methyl-(3-methyl-butyl)-ainino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(l-methoxyinethyl- 
propylcarbamoyl)-ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(2-pyrroIidin-l-yl- 
ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [l-(4-benzyloxy-benzyl)-2-(4-hydroxy-piperidin-l-yl)- 

2- oxo-ethyl]-ainide; and 

[S-(R*,R*)].4-Methyl-2-[methyl-(3-methyl-butyl).aimno]- 
pentanoic acid {2-(4-benzyloxy-phenyl)-l-[2-(2-hydroxy-ethylamino)- 
ethylcarbainoyl]-ethyl}-ainide. 

The compoiinds: 

[S-(R*,R*)]-4.Methyl-2-[methyl-(3-methyl-butyl)-ainino]- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-(l-benzyl-pyTrolidin- 

3- ylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid 
[ 1 -(2-benzylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl] -amide; 

[S-(R*,R*)]-4-MethyI-2-morpholin-4-yl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -( 1 -benzyl-pyrrolidin-3-y icarbamoy l)-ethy 1]- 
amide; 

[S-(R*,R*)]-4-Methyl-2-morphoiin-4-yl-pentanoic acid 
[1 -(4-benzyloxy-ben2yl)-2-oxo-2-piperidin-l -yl-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-(tetrahydro-pyran-4-ylainino)-pentanoic 
acid [ l-(2-benzylamino-ethylcarbamoyl)-2-(4-benzyloxy-phenyl)-ethyl]- 
amide; 
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[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyi^-4-ylainino)-pe 
acid [ 1 -(4-beiizyloxy-benzyl)-2-oxo-2-thiomorpholin-4-yI-ethyI]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic 
acid [2-(4-ben2yloxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl- 
ethylcarbanioyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-yIamino) -pentanoic 
acid [2-(4-ben2yloxy-phenyl)- 1 -( 1 , 1 -bis-hydroxymethyl- 
propyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-MethyI-2-(tetrahydro-pyran-4-ylamino)-pentanoic 
acid [2-(4-beiizyIoxy-phenyl)-l-(l-inethoxyniethyI-propylcarbamoyl)- 
ethyl] -amide; and 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic 
acid [2-(4-benzyloxy-phenyI)- 1 -( 1 -benzyl-pyrrolidin-S-ylcarbamoyl)- 
ethylj-amide. 

The compounds: 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylannno)-pentanoic 
acid [2-(4-benzyIoxy-phenyl)- 1 -(2-piperidin-l -yl-ethylcarbamoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic 
acid [2-(4-ben2yloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydro-pyran-4-ylamino)-pentanoic 
acid [l-(4-ben2yloxy-benzyl)-2-oxo-2-piperidin-l -yl-ethyl]-amide; 

[S-(R* ,R* )] -2- [(4-Fluoro-benzyl)-methy l-amino]-4-methy 1- 
pentanoic acid [2-(4-ben2yloxyTphenyl)-l-tert-butylcarbamoyl-ethyI]- 
amide; 

[S-(R*,R*)]-2-[(4-Bromo-benzyl)-methyl-amino]-4-methyI- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-tert-butyIcarbamoyI-ethyl]- 
amide; 

[S-(R*,R*)]-2-[(4-Hydroxy-benzyl)-methyl-ammo]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 
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[S-(R*,R*)]-4-Methyl-2'(methyl-pyridin-4-ylmethyl-amino)- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 

[S-(R*,S*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-ainino]- 
5 pentanoic acid [2-(4-benzy loxy-pheny 1)- 1 -teit-buty Icarbamoy 1-ethyl]- 

amide; 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-2-[4-methyl-2-(tetrahydro- 
pyran-4-ylaniino)-pentanoylaniino]-propionic acid tert-butyl ester; and 

[S-(R*,R*)]-2-(Isopropyl-niethyl-amino)-4-methyl-pentanoic acid 
1 0 [2-(4-ben2yloxy-phenyl)- 1 -tert-butyl carbamoyl-ethylj-amide. 

3 1 . The compounds: 

[S-(R*,R*)]-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)- l-tert-buty Icarbamoy 1-ethyl]- 
amide; 

1 5 [S-[R*,R*,(RS)]]-2-[(2-Hydroxy- 1 -methyl-ethyl)-methyi-amino]- 

4-methyl-pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl- 
ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(lH-pyrrol-2-ylmethyl)-amino]- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
20 amide; 

[S-(R*,R*)]-2-(Furan-2-ylmethyi-methyl-amino)-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)- l-tert-buty icarbamoy i-ethyl]- 
amide; 

[S-(R*,R*)]-3-(4-Ben2yloxy-phenyl)-2-[2-(cyclohexyimethyl- 
25 amino)-4-methyl-pentanoylamino]-propionic acid tert-butyl ester; 

[S-(R*,R*)]-3-(4-Ben2:yloxy-phenyl)-2-(2-isopropylamino- 
4-methyl-pentanoylamino)-propionic acid tert-butyl ester; 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-2-(2-cyclohexylamino- 
4-methyl-pentanoylamino)-propionic acid tert-butyl ester; 
3 0 [S-(R* ,R* )] -4-Methy I-2-morpholin-4-y 1-pentanoic acid 

[2-(4-benzyIoxy-phenyl)- 1 -tert-buty icarbamoy l-ethyl]-amide; 
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[S-(R*,R*)]-3-(4-Ben2yloxy-phenyl)-2-[4-methyl.2-(3-methyl- 
butylainino)-pentanoylaniino]-propionic acid tert-butyl ester; and 

[S-(R*,R*)].({l-[2-(4-Ben2yloxy-phenyl>l.tert-butylcarbamoyl- 
ethylcarbamoyl]-3-methyl-butyl}-methyl-amino)-acetic acid ethyl ester. 

The compounds: 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 

[S-(R*,R*)]-2-[(4-Methoxy-ben2yl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-benzyioxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 

[S-(R*,R*)]-4-Methyl-2-piperidin- 1 -yl-pentanoic acid 
[2-(4-benzyIoxy-phenyl)- 1 -tert-buty Icarbamoy I-ethyl]-amide; 

[S-(R*,R*)]-2-Ethylamino-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -tert-buty Icarbamoy l-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(methyl-pyridin-3-ylmethyI-amino)- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 

[S-(R*,R*)]-3-(4-Benzyloxy-phenyl)-N-tert-butyl-2-{2-[methyl- 
(3-methyI-butyl)-amino]-acetylamino}-propionamide; 

[S-[R*,R*,(RS)]]-2-(sec-Butyl-methyl-amino)-4-methyl-pentanoic 
acid [2-(4-benzyloxy-phenyl)-l -tert-butylcarbamoyl-ethyl]-amide; 

(S)-N-[2-(4-Ben2yloxy-phenyl)-l.tert-butylcarbamoyl-ethyl]- 
2-(3-methyl-butylamino)-isobutyramide; 

[S-(R*,R*)]-4-Methyl-2-(3-methyl-butylamino)-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l -tert-butyicarbamoyl-ethyl]-amide; and 

4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -methoxymethy l-propylcarbamoy l)-ethy 1]- 
amide. 
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The compounds: 

4-Methyl-2-[methyl-(3-methylbutyl)-amino]-pentanoic acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -methoxymethyl-propyIcarbamoyl)-ethyl]-amide; 

2-(Isopropyi-inethyl-ammo)-4-methyl-pentanioc acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]-amide; 

2-[(4-tert-butyl-ben2yl)-methyI-aiiiino]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -methoxymethy l-propylcarbamoyl)-ethyl]- 
amide; 

2-[(4-DimelJiylamino-beii2yl)-methyl-airuno]-4-methyl-pem 
acid [2-(4-ben2y loxyphenyl)- 1 -( 1 -methoxymethy l-propylcarbamoyl)- 
ethyl]-amide; 

4-Methyl-2-[methyl-tetrahydropyran-4-yl)-amino]-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -propyI-piperidin-3-ylcarbamoy l)-ethyl]- 
amide; 

4-Methyl-2-[methyl-(3-methyl-butyl-amino]-pentanoic acid 
[2-(4-benzyloxyphenyl)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]- 
amide; 

2-(Isopropyl-methyI-amino)-methyl-pentanoic acid [2-(4- 
benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]-amide; 

2-[(4-tertButyl-beiizyl-)-methyi-amino]-4-methyl-pentanoic acid 
[2-(4-ben2yloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]- 
amide; 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyi-pentanoic 
acid [2-(4-benzyloxy phenyl)-! -(1-propy l-piperidin-3-ylcarbamoyl)-ethyl]- 
amide; 

[S, (R*,R*)]-4-Methyl-2-piperidin-l-yl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -tert-butylcarbamoyl-ethyl]-amide; and 

[S, (R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzy loxy-phenyl)- 1 -tert-butylcarbamoy l-ethylj-amide 
monohydrochloride. 
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34. The compounds: 

[S-(R*,R*)]-2-Dimethylainino-4-methyl-pentanoic acid {l-tert- 
butyIcarbamoyl-2-[4-(pyridin-3-y lmethoxy>phenyl]-ethyl } -amide; 

[S-(R*,R*)]-2-(CyclohexyI-methyl-amino)-4-methyl-pentanoic 
5 acid { 1 -tert-butylcarbamoy l-2-[4-(pyridin-3-ylmethoxy)-phenyl]-ethyl } - 

amide; 

[S-(R*,R*)]-4-Methyl.2-[methyl-(3-methyi-butyl)-amino]- 
pentanoic acid {l-tert-butylcarbamoyI-2-[4-(pyridin-3-yimethoxy)- 
phenyl]-ethyl}-amide; 

10 [S-(R*,R*)]-2-[(4-tert-ButyI-ben2yl)-methyl-amino]-4-methyl- 
• pentanoic acid { 1 -tert-butylcarbamoyI-2-[4-(pyridin-3-ylmethoxy)- 
phenyl]-ethyl } -amide; 

[S-(R*,R*)]-2-[(3-Methoxy-benzyl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyI)- 1 -tert-butylcarbamoyl-ethyl]- 
15 amide; 

[S-(R*,R*)]-2-[(2-Methoxy-beiizyl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-beiizyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
amide; 

[S-(R*,R*)]-2-[(4-Chloro-benzyl)-methyl-amino]-4-methyl- 
20 pentanoic acid [2-(4-beiizyloxy-phenyl)-l-tert-butyIcarbamoyl-ethyl]- 

amide; 

[S-(R*,R*)]-2-[(3-Chloro-ben2yl)-methyi-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butyicarbamoyl-ethyl]- 
amide; 

25 [S-(R*,R*)]-2-[(2-Chloro-benzyl)-methyI-amino]-4-methyl- 

pentanoic acid [2-(4-benzyloxy-phenyl)-l-tert-butylcarbamoyl-ethyl]- 
araide; and 

[S-(R*,R*)]-4-MethyI-2-[methyi-(4-methyIsulfanyl-ben2yi)- 
amino]-pentanoic acid [2-(4-benzyloxy-phenyI)-I-tert-butylcarbamoyl- 
30 ethyl]-amide. 
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The compounds: 

[S-(R*JR*)]-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-aim 
pentanoic acid {2-(4-benzyloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yl)- 
propylcarbainoyl]-ethyl}-ainide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyI-butyl)-amino]- 
pentanoic acid {2-(4-benzyloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yl)- 
propylcarbamoyl]-ethyl} -amide; 

[S-(R*,R*)]-2-(Isopropyl-methyi-amino)-4-methyl-pentanoic acid 
{ 2-(4-ben2yIoxy-phenyl)- 1 -[3-(2-oxo-pyrroiidin- 1 -y l)-propylcarbamoyl]- 
ethyl}-amide; 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl- 
pentanoic acid {2-(4-benzyloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yl)- 
propylcarbamoyl]-ethyl } -amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-ben2yl)-methyl-aniino]-4-methyl- 
pentanoic acid {2-(4-ben2yloxy-phenyl)-l-[3-(2-oxo-pyrrolidin-l-yl)- 
propy icarbamoyl]-ethyl } -amide; 

[S-(R*^*)]-2-[(4-Dimethylamino-ben2yl)-methyl-amino]- 
4-methyl-pentanoic acid {2-(4-benzyioxy-phenyl)- 1 -[3-(2-oxo-pyr^olidi^- 
l -yl)-propylcarbamoyl]-ethyl } -amide; 

[S-(R* ,R*)]-2-(Isopropyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -(2-piperidin- 1 -y l-ethyIcarbamoyl)-ethyl]- 
simide; 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyi-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l -(2-piperidin- 1-yl- 
ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyI-amino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l -(2-piperidin- 1-yl- 
ethylcarbamoyl)-ethyl]-amide; and 

[S-(R*,R*)]-2-[(4-Dimethylamino-ben2yl)-methyl-amino]- 
4-methyl-pentanoic acid [2-(4-benzyioxy-phenyl)-l -(2-piperidin- 1-yI- 
ethylcarbamoyl)-ethyl]-amide. 
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The compounds: 

[S-(R*,R*)]-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yl)-amino]- 
pentanoic acid [l-(4-benzyloxy-ben2yl)-2-[l,4^bipiperidinyI-r-yl-2-oxo- 
ethyl]-ainide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyI-butyI)-ainino]- 
pentanoic acid [l-(4-benzyloxy-benzyl)-2-[l ,4']bipiperidinyI-r-yl-2-oxo- 
ethyl]-amide; 

[S-(R*,R*)]-2-(Isopropyl-methyl-amino)-4-inethyl-pentanoic acid 
[ 1 -(4-ben2yloxy-benzyl)-2-[ 1 ,4^bipiperidiny 1- 1 '-y l-2-oxo-ethyl].amide; 

2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[ 1 -(4-benzyloxy.ben2yl)-2-[ 1 ,4^bipiperidinyl- 1 '-yl-2-oxo-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-teit-Butyl-ben2yl)-methyl-amino]-4-inethyl- 
pentanoic acid [ 1 -(4-benzyloxy-benzyl)-2-[ 1 ,4^bipiperidinyl- 1 '-yl-2-oxo- 
ethylj-araide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-benzyl)-methyl-ainino]- 
4-methyl-pentanoic acid [ 1 -(4-benzyloxy-benzyl>2-[ 1 ,4^ bipiperidinyl- 1 
yI-2-oxo-ethyl]-ainide; 

[S-(R*,R*)]-2-[(4-tert-ButyI-ben2yI)-methyl-amino]-4.methyl- 
pentanoic acid [l-(2-ben2ylamino-ethylcarbamoyl)-2-(4-benzyloxy- 
phenyl)-ethyl]-ainide; and 

[S-(R*,R*)]-2-[(4-Dimethylamino-benzyl)-methyl-amino]- 
4-methyl-pentanoic acid [l-(2-benzyiamino-ethylcarbamoyl)- 
2-(4-ben2yloxy-phenyI)-ethyl]-amide. 

The compounds: 

[S-(R*,R*)}-4-Methyl-2-[methyl-(tetrahydro-pyran-4-yI)-amino]- 
pentanoic acid [l-(2-ben2ylamino-ethylcarbamoyl)-2-(4-ben2yloxy- 
phenyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [l-(2-benzyiamino-ethylcarbamoyl)-2-(4-ben2yIoxy- 
phenyl)-etliyl]-amide; 
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[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-ainino]-4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l-(l-propyI-piperidin- 
3-ylcarbamoyl)-ethyl]-amide; and 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-aniino]- 
5 pentanoic acid [2-(4-benzy loxy-pheny 1)- 1 -( 1 -propy 1-piperidin- 

3- yI carbamoyl)-ethyl] -amide. 

3 8 . The compoimds : 

[S-(R*,R*)]-2-(Isopropyl-methyl-ainino)-4-methyl-pentanoic acid 
[2-(4-benzyioxy-phenyl)- 1 -(3-iinidazol- 1 -yl-propylcarbamoyI)-ethyl]- 
1 0 amide; 

2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxy-pheny 1)- 1 -( 1 , 1 -bis-hydroxymethyl-propy Icarbamoy l)- 
ethyl]-amide; 

[S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyl-ainino]-4-methyl- 
1 5 pentanoic acid [2-(4-ben2y loxy-phenyl)- 1 -( 1 , 1 -bis-hydroxymethyl- 

propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-[(4-Dimethylamino-benzyl)-methyl-amino]- 

4- methyl-pentanoic acid [2-(4-ben2yloxy-phenyl)-l-(l,l-bis- 
hydroxymethyl-propylcarbamoyl)-ethyl]-amide; 

20 [S-(R*,R*)]-2-[(4-tert-Butyl-benzyl)-methyl-amino]-4-methyl- 
pentanoic acid [2-(4-ben2yloxy-phenyl)-l-(3-imidazol-l-yl- 
propy Icarbamoy l)-ethyl] -amide; 

, [S-(R*,R*)]-2-[(4-Dimethylaniino-benzyl)-methyl-amino]- 
4-methyl-pentanoic acid [2-(4-benzy loxy-pheny l)-l-(3-imidazol-l-yl- 
25 propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]- 2-(Isopropyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-benzyloxy-phenyl)-l-(3-imida2ol-l-yl-propyIcarbamoyl)-ethyl]- 
amide; and 

[S-(R*,R*)]-2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyl- 
30 pentanoic acid [2-(4-benzyloxy-phenyl)-l-(3-imidazol-l-yl- 

propyIcarbamoyl)-ethyl]-amide; 
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The compounds: 

[S-(R*,R*)]- 2-(Isopropyl-methyl-amino)-4-methyl-pentanoic acid 
[2-(4-ben2yloxy-phenyl)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)- 
ethylj-amide; 

2-[(3-Hydroxy-butyl)-methyl-ainino]-4-methyl-pentanoic acid 
[2-(4-benzyIoxy-pheny 1)- 1 "(2-hydroxy- 1 , 1 -dimethyl-ethy Icarbamoyl)- 
ethylj-amide; 

2-[(4-tert-Butyl-ben2yl)-melJiyl-amino]-4-methyI-pentanoic acid 
[2-(4-ben2yIoxy-pheny 1)- 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)- 
ethyl]-amide; 

2- [(4-Diinethylainino-ben2y l)-methy l-amino] -4-methyl- 
pentanoic acid [2-(4-benzyloxy-phenyl)-l -(2-hydroxy- 1,1 -dimethyl- 
ethyIcarbamoyl)-ethyl]-amide; and 

2-[(3-Hydroxy-butyl)-methyl-amino]-4-methyI-pentanoic acid 
[2-(4-benzyloxy-phenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]- 
amide. 

The compounds: 

[S-(R*,R*)]-4-Methyl-2-[methyl-(3-methyl-butyl)-amino]- 
pentanoic acid [2-(4-benzyloxy-phenyl)- 1 -(2-hydroxy- 1,1-dimethyl- 
ethylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid 
[2-(4-phenethyI-phenyl)- 1 -tert-butyicarbamoyl-ethy 1] amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid 
[2-(4-(2-cyclohexy l-ethyl)-phenyl)- 1 -tert-butylcarbamoyl-ethy 1] amide; 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid 
[2-(4-(2-cyciopentyl-ethyl)-phenyl)- 1 -tert-butylcarbamoyl-ethyl] amide; 
and 

[S-(R*,R*)]-4-methyl-2-(3-methyl-butylamino)-pentanoic acid 
[2-(4-(2-cyciohexy 1-ethy l)-pheny 1)- 1 -( 1 , 1 -bis-hydroxymethy 1- 
propylcarbamoyl)-ethyl] amide. 
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4 1 . The compounds : 

4-MethyI-2-[inethyl-(tetrahydro-pyran-4-yl)-aniino]-pentanoicacid 

[2-(4-ben2yloxyphenyl)-l-(l-methoxymethyl-propylcarbamoyl>ethyl]- 
amlde; 

5 4-Methyl-2-[methyl-(3-methylbutyl)-amino]-pentanoic acid 

[2-(4-ben2yloxy-phenyl)-l-(l-methoxyinethyl-propylcarbamoyl)-ethyl]- 

amide; 

2-(IsopropyI-methyl-amino)-4-methyl-pentanioc acid 
[2-(4-benzyloxyphenyl)-l-(l-methoxymethyl-propylcarbamoyl>ethyl]- 

10 amide; 

2-[(4-tert-butyl-benzyl)-methyl-aniino]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -methoxymethyl-propylcarbamoyl)-ethyl]- 
amide; 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl-pentanoic 
15 acid [2-(4-benzyloxyphenyl)-l-(i-methoxymethyl-propylcarbamoyl)- 

ethyl]-amide; 

4-Methyl-2-[methyl-tetrahydropyran-4-yl)-amino]-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-y lcarbamoyl)-ethyl]- 
amide; 

20 4-Methyl-2-[metfayl-(3-methyl-butyl-amino]-pentanoic acid 

|;2-(4-benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]- 
amide; 

2-(IsopropyI-methyl-amino)-methyl-pentanoic acid 
[2-(4-benzyioxyphenyI)-l-(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]- 

25 amide; 

2-[(4-tertButyl-benzyl-)-methyl-amino]-4-methyl-pentanoic acid 
[2-(4-benzyloxyphenyl)- 1 -( 1 -propyl-piperidin-3-ylcarbamoyl)-ethyl]- 
amide; and 

2-[(4-Dimethylamino-benzyl)-methyl-amino]-4-methyl-pentanoic 
30 acid [2-(4-ben2yloxy phenyl)- 1 -(l-propyl-piperidin-3-ylcarbamoyl)-ethyl]- 

amide. 
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42. A compound according to Claim 1 wherein 
is methyl; 

R2is CH2CH2CH ,or q 



^CH3 




R3 is hydrogen; 



5 CH3 

I 

R4 is -CH2-CH ; 
I 

CH3 

10 ' r5 and r6 are hydrogen; 

Y is -OCH2-; and 
Z is phenyl. 

43. A compound according to Claim 1 wherein 
r1 is methyl; 

15 R2is CH2CH2CH ,or q 

^CH3 

r3 is hydrogen; 

CH3 

R4 is -CH9-CH ; 
20 ~ I 

CH3 

r5 and r6 are hydrogen; 

Y is -OCH2-; 
Z is phenyl; and 

25 X is -NH-tert-butyl or O-tert-butyl. 




44. 



A compound according to Claim I wherein 
X is N-tert-butyl, 

O-tert-butyl, 
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NHCH2CH2— N J , NHCH2CH2 





-N^ / ^\ 7 ,-NH-CH2CH2NHCH2-phenyl, 

CH2CH3 

5 I 

-NH-C-CH2OH, 

1 

CH2OH 

NHCH2CH2CH2— ^ 

10 CH3 

I 

-NH-C-CH2OH, or 

1 

CH3 

15 CH2OCH3 

1 

-NH-CH . 
I 

CH2CH3 

20 45. The compounds: 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(2-morpholin-4-yI-ethylcarbanioyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzyloxy-pheny 1)- 1 -(2-pyridin-2-yl-ethyicarbainoy l)-ethy l]-amide; 
25 [S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 

benzyloxy-phenyl)- 1 -(3-iinidazol- 1 -y l-propylcarbamoy l)-ethy l]-amide ; 
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[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(2-thiomorpholin-4-yl-ethyIcarbamoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
5 benzyloxy-phenyl). 1 -(2-hydroxy- 1 , 1 -dimethyl-ethylcarbamoyl)-ethyl]- 

amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -( 1 , 1 -bis-hydroxyinethyl-propyl-carbamoyI)-ethy 1]- 
amide; 

1 0 [S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 

ben2yloxy-phenyl)-l-(2-pyrrolidin-l-yl-ethyIcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-morpholin-4-yl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(4-hydroxypiperidinylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic 
1 5 acid [2-(4-ben2yloxy-pheny 1)- 1 -(2-morpholin-4-y l-ethylcarbamoyl)- . 

ethylj-amide; 

[S-(R*,R*)]-4-Methyl-2-(tetrahydropyran-4-yl-amino)-pentanoic 
acid [2-(4-benzy loxy-phenyl)- 1 -(-(2-pyridin-2-yl-ethylcarbamoyl)-ethyl] - 
amide; 

20 [S-(R*,R*)]-4-Methyl-2-(tetrahydropyTan-4-yl-amino)-pentanoic 

acid [2-(4-benzyloxy-phenyl)-l-(3-imida2ol-l-yl-propylcarbamoyl)-ethyl]- 
amide; 

[S-(R*,R*)]-4-MethyI-2-(tetrahydropyran-4-yl-amino)-pentanoic 
acid [2-(4-ben2yloxy-phenyl)- 1 -(2-pyrrolidine- 1 -yl-ethylcarbamoyl]- 
25 amide; 

[S-(R* ,R* )]-4-Methyl-2-(tetrahydropyran-4-y l-amino)-pentanoic 
acid [2-(4-benzyioxy-phenyl)- 1 -(4-hydroxy-piperinylcarbamoyl]-amide; 

[S-(R*,R*)]-2-Dimethyiamino-4-methyl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(2-morpholin-4-yl-ethylcarbamoyI)-ethyl]-amide; 
30 [S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid [2-(4- 

benzyloxy-phenyl)- 1 -(2-(2-aminoethyl)pyridine carbamoyl)-ethyl]-amide; 

[S-(R*, R*)]-2-Dimethyiamino-4-methyl-pentanoic acid [2-(4- 
benzyloxy-phenyl)-l-(3-imida2ol-l-yl-propylcarbamoyl)-ethyl]-amide; 
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[S-(R*^*)]-2-Diinethylamino-4-methyl-pentanoic acid [2-{4- 
benzyloxy-phenyl)- 1 -(thiomorpholinecarbamoyl)-ethyl]-ainide; 

[S-(R*,R*)]-2-Dimethylaininc>-4-methyl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(2-aminopropan- 1 -ol carbamoyI)-ethyl]-amide; 

[S-(R*,R*)]-2-Diinethylamino-4-methyl-pentanoic acid [2-(4- 
benzyloxy-pheny 1)- 1 -(2-hydroxymethy Ibutan- 1 -ol)-ethyl]-amide; 

[S-(R*,R*)]-2-Dimethylainino-4-methyl-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -( 1 -methoxymethyI-propylcarbamoyl)-ethyl]-amide; 

[S-(R*,R*)]-2-Dimethylainino-4-methyi-pentanoic acid [2-(4- 
benzyloxy-phenyl)- 1 -(2-pyrrolidin- 1 -yl-ethylcarbamoyl)-ethyl]-amide; 
and 

[S-(R*,R*)]-2-Dimethylamino-4-methyl-pentanoic acid {2-(4- 
beiizyloxy-phenyl)-l-[2-(2-hydroxy-ethylamino)-ethylcarbamoyl]-ethyl}- 
amide. 



